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Definition of key terms 
Exercise: A structured and repetitive form of physical activity undertaken to improve or 
maintain one or more components of physical fitness [1] such as cardiorespiratory fitness 
(CRF) or muscular strength. 
Fitness: Unless referring to a specific component of fitness, the term ‘fitness’ encompasses 
both CRF and muscular strength for the purpose of this thesis. 
Health: Unless referring to a specific component of health, the term ‘health’ encompasses 
body composition (i.e. body fat), blood pressure and blood lipid and glucose profile for the 
purpose of this thesis. 
Physical activity: Any musculoskeletal movement-related energy expenditure [1]. 
Physical activity participation: The quantity of musculoskeletal movement-related energy 
expenditure performed by an individual, which, for the purpose of this thesis, is measured in 
MET·minutes per week of walking, moderate- and vigorous-intensity physical activity. 
Physical inactivity: Similar to other reports [2], physical inactivity is defined as the failure to 
meet the recommended minimum 150 minutes per week of moderate-vigorous aerobic 
physical activity participation. 
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Thesis Summary 
 
 
 
 
 
  
 2 
 
The effect of different types of exercise supervision on adherence, health and fitness in 
the workplace 
 
Background 
Physical inactivity, defined as the failure to meet the recommended 150 minutes per week of 
moderate-vigorous aerobic physical activity, is one of the four leading risk factors for 
morbidity and mortality associated with chronic diseases. These include cardiovascular disease 
(CVD), diabetes, cancer and chronic respiratory disease [3]. Physical inactivity reduces 
cardiorespiratory fitness (CRF) and muscular strength, thus increasing metabolic, 
cardiovascular and mortality risk [4, 5]. Despite public guidelines, the majority of adults living 
in developed countries fail to achieve minimum aerobic [6] and resistance (at least 2-3 days 
per week) [7] exercise recommendations. Based on research over the past four decades, 
workplace health promotion strategies including onsite exercise programs have gained 
considerable recognition in their role to address physical inactivity and the associated health 
consequences related to an inactive lifestyle [8, 9]. However, several recent literature reviews 
and meta-analyses indicate only small to moderate short-term positive effects of workplace 
physical activity and health promotion programs on employee health and fitness outcomes, 
largely owing to restricted program recruitment, poor exercise adherence and participant 
attrition [10-13]. Exercise supervision may enhance exercise adherence, health and fitness 
benefits of workplace interventions as previously demonstrated in clinical populations [14, 15], 
and therefore the type of exercise supervision provided in the workplace warrants further 
investigation.  
 
Purpose 
The purpose of this thesis was to investigate the effects of different types of exercise 
supervision in the workplace on employee physical activity participation (i.e. walking, 
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moderate- and vigorous-intensity physical activity) and changes to health (i.e. body 
composition, blood pressure and blood lipid and glucose profile) and fitness (i.e. CRF and 
muscular strength). Previous workplace physical activity and health promotion programs have 
only found small to moderate effects, and there is a dearth of studies investigating the 
effectiveness of different types of exercise supervision on physical activity participation, health 
and fitness in apparently healthy populations across all settings [13, 16, 17]. This is surprising 
given the finding as early as 1986 that supervised exercise achieved superior attendance, fitness 
and cardiometabolic health improvements compared to unsupervised exercise in a healthy 
cohort of American men and women [18].  
 
A systematic review and meta-analysis of the literature was conducted to examine the 
effectiveness of workplace exercise interventions to improve employee health and fitness. 
Based on an assessment of the quality of evidence for individual outcomes the characteristics 
of the most successful interventions were identified. A cross-sectional design using surveys 
administered through Qualtrics was then conducted to quantify current physical activity and 
exercise participation of university employees along with perceived barriers and facilitators to 
exercise participation to assist with designing targeted workplace exercise interventions. Two 
randomised controlled trials (RCTs) investigated the effects of different types of exercise 
supervision identified through the cross-sectional study on employee physical activity 
participation, health and fitness in a cohort of university employees in a workplace setting. A 
follow-up survey ascertained the level of ongoing physical activity participation following the 
implementation of a workplace exercise intervention to investigate any long-term effects on 
physical activity participation. 
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Systematic Review of Literature and Meta-Analysis 
The literature review identified the effects of previous workplace exercise interventions on 
employee physical activity participation, health and fitness. Specifically, the review aimed to 
assess the strength of evidence for the effects of aerobic, resistance and combined aerobic and 
resistance workplace exercise programs to improve employee cardiorespiratory fitness, 
muscular strength, physical activity, body composition and metabolic health outcomes. 
Furthermore, the review sought to identify the characteristics (such as the type of exercise 
supervision) of the interventions that had the strongest effects on each outcome. 
 
In summary, when using the GRADE approach [19], the strength of evidence was rated as high 
for reductions to central body fat, moderate for increases to CRF and muscular strength, low 
for reductions to body mass and improvements to blood pressure, insulin, fasting glucose, and 
C-reactive protein, and very low for increases to physical activity participation, reductions to 
whole body fat, body mass index and improvements to the blood lipid profile. Exercise of at 
least moderate- to vigorous-intensity was important for improving CRF and muscular strength, 
reducing central body fat and improving the blood lipid profile, while most studies reporting 
improvements to body composition or metabolic health involved interventions of at least six 
months duration [20-25]. Exercise intensity and intervention duration were therefore key 
factors for improving cardiometabolic health and fitness outcomes. Only one intervention [26], 
conducted in a small cohort of firemen in 1983, compared the effect of different types of 
supervision (group (indirectly) supervised exercise versus unsupervised) in a workplace 
setting. It is therefore unclear whether direct exercise supervision in the workplace would illicit 
greater health and fitness improvements as a potential consequence of greater exercise 
adherence, as has been shown in clinical populations in non-workplace settings [14, 15, 27-
29]. 
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Study 1: Differences in perceived barriers and facilitators to workplace exercise 
participation of university employees reporting low, moderate and high 
physical activity participation. 
The first study of this thesis investigated the associations between current physical activity 
participation and perceived barriers and facilitators to workplace exercise participation in a 
university employee cohort. Of the 299 employees who completed an online survey across 
national (Australia) and international (Vietnam) campuses of an Australian university, 35% 
reported being inactive (i.e. not meeting moderate-vigorous physical activity guidelines [30, 
31]) for the previous six months. A reported lack of time and motivation (e.g. job demands 
don’t allow time for exercise) was most strongly associated with physical inactivity, followed 
by perceived internal (e.g. embarrassed to exercise around co-workers) and external (e.g. 
membership costs are too high) exercise barriers. Personal supervision and instruction was 
identified as the most preferred facilitator to workplace exercise participation particularly by 
inactive employees, followed by group exercise classes. Walking, gym (fitness centre), 
swimming and cycling were identified as the most preferred modes of exercise. 
 
Findings suggest that a perceived lack of time and motivation are significant barriers to 
workplace exercise participation in a university setting, and therefore personal exercise 
prescription and supervision may facilitate exercise engagement by increasing exercise 
motivation and adherence [14, 15], potentially due to the awareness of being under supervision 
[14]. The preferred modes of exercise identified in this study suggest that universities may be 
suitable settings in which to deliver workplace exercise programs, as many tertiary institutions 
possess the facilities (e.g. fitness centre, running track/oval) required to undertake these modes 
of exercise training. Furthermore, the perception of barriers to workplace exercise participation 
were significantly stronger amongst inactive employees, who may benefit from additional 
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support such as direct supervision and instruction when commencing an exercise program, 
which may promote closer exercise adherence through increased motivation [14, 15]. 
Providing direct exercise supervision and support along with free access to an onsite fitness 
facility may facilitate exercise engagement and subsequent health and fitness benefits amongst 
university employees. The understanding of barriers, facilitators and preferred exercise modes 
was used to inform the design of the subsequent interventions conducted in this thesis. 
 
Study 2: Direct and indirect exercise supervision in the workplace achieves similar 
improvements to health-related physical fitness: an 8-week randomised 
controlled trial.  
Personal exercise prescription and supervision was the most preferred type of exercise 
assistance reported by the university employees surveyed in study one, followed by group 
exercise classes and no supervision. Direct exercise supervision may therefore facilitate 
employee exercise engagement within the workplace as it has in clinical populations [14, 15, 
27-29], and provides a rationale for this intervention study. A randomised controlled trial 
compared direct (1:1 instructor:participant ratio; n = 25) and indirect (standard gym (control); 
n = 25) exercise supervision on changes to CRF (predicted V̇O2 max) and maximal muscular 
strength (Biodex and hand dynamometer) in university employees who underwent an 
individually-tailored 8-week moderate- to vigorous-intensity aerobic and resistance exercise 
program in the workplace. All testing and training was performed onsite and participants had 
free gym access to complete the training. 
 
Participants were randomly allocated into the direct and indirect exercise supervision groups. 
There were no between-group differences at baseline for any outcome including physical 
activity participation. Repeated measures ANOVA based on intention-to-treat found no 
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between-group differences for attendance or training volume performed throughout the 
intervention. Per-protocol analyses excluding the four withdrawals were also conducted to 
account for the possibility that the least-active participants withdrew from the study and thus 
influenced the results, however no differences between per protocol and intention-to-treat 
analyses were found. Cardiorespiratory fitness (mean change ± SD; +1.9 ± 2.3 ml·kg·min-1; p 
< 0.001), absolute (+5.6 ± 8.5 Nm; p < 0.001) and relative (+7.4 ± 12.3 Nm·kg-1 %; p < 0.001) 
knee flexion strength, absolute (+5.5 ± 13.4 Nm; p < 0.01) and relative (+7.4 ± 16.0 Nm·kg-1 
%; p < 0.01) knee extension strength and absolute grip strength (+1.9 ± 2.7 kg; p < 0.001) 
increased, but were not affected by supervision type. Providing an individually-tailored 
moderate- to vigorous-intensity exercise program with either direct or indirect supervision in 
the workplace was sufficient to improve measures of health-related physical fitness over eight 
weeks. 
 
Although no short-term differences in changes to CRF and muscular strength were found 
between directly and indirectly supervised participants, the different types of supervision may 
have different effects on long-term physical activity participation, and therefore, the 
maintenance of fitness improvements. It is well established that the health- and fitness-related 
benefits of exercise diminish once exercise is ceased or reduced [32, 33]. Therefore, strategies 
to promote ongoing exercise participation are important. By conducting a follow-up to the 8-
week workplace exercise intervention, the effects of direct and indirect exercise supervision on 
ongoing exercise participation will be investigated. 
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Study 3: Physical activity in university employees following an 8-week workplace 
exercise intervention: 15-month follow-up. 
For the health and fitness benefits of exercise to be maintained, regular participation must be 
sustained [32, 33]. This study investigated the changes to physical activity 15 months following 
the 8-week exercise intervention described in study two. At 15-month follow-up for both the 
directly and indirectly supervised exercise groups (n = 34) the International Physical Activity 
Questionnaire (IPAQ) was used to assess ongoing physical activity participation and predictors 
to physical activity participation. 
 
Reported vigorous-intensity physical activity increased over the 8-week intervention period 
(median change [IQR]; +620 [180-960] MET·minutes per week; p < 0.001) with no between-
group differences, but did not remain significantly elevated at 15-month follow-up (+0 [0-360] 
MET·minutes per week), with no between-group differences. Furthermore, a greater 
proportion of participants reported meeting current physical activity guidelines at 8-week 
follow-up (82%) compared to baseline (59%; p = 0.04) but not at 15-month follow-up (59%), 
suggesting a need for other strategies such as longer intervention periods to influence ongoing 
physical activity participation to ensure a habit has been formed and participation is 
maintained. Baseline CRF (predicted V̇O2 max) was the only outcome measure to be 
independently and significantly related to total weekly physical activity at 15-month follow-up 
(r = 0.56; p < 0.01), indicating that CRF is important to ongoing physical activity participation.  
 
Although providing an exercise facility and direct supervision for eight weeks increased fitness 
and vigorous-intensity physical activity participation, this length of intervention was unable to 
induce a maintained change in physical activity participation. In support of current exercise 
psychology literature [34], these findings indicate that a longer intervention may be required 
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to positively influence ongoing physical activity participation, despite participants receiving 
direct exercise supervision and instruction. In addition, data from a non-workplace population 
[35] indicates that longer intervention periods (i.e. > 12 weeks) may be required to ascertain 
any differences between types of supervision with regard to exercise adherence and changes to 
health and fitness. Therefore, the following study was designed to investigate the effects of a 
longer workplace exercise intervention on employee physical activity participation, health and 
fitness, with the addition of a third, unsupervised exercise group to ascertain the minimum level 
of supervision required to achieve improvements to the aforementioned outcomes, and indeed 
whether providing access to an onsite exercise facility is an absolute requirement. 
 
Study 4: Exercise supervision is important for adherence, health and fitness 
improvements in the workplace: a 16-week randomised controlled trial. 
Given the improvements to employee health-related fitness observed in study two, a larger 
workplace exercise intervention was conducted to more thoroughly investigate changes to 
employee CRF (V̇O2 peak), one-repetition maximum (1RM)0F1 upper and lower body muscular 
strength, body composition (DXA), blood pressure and metabolic outcomes (lipids, fasting 
glucose, high-sensitive C-reactive protein) with different types of supervision over a longer 
period of time (16 weeks). A randomised controlled trial compared changes to these health and 
fitness outcomes between directly (n = 28), indirectly (n = 28) and unsupervised (n = 29) 
exercise groups. Directly supervised participants received direct individual (1:1) supervision 
for each exercise session while indirectly supervised participants were supervised by 
gymnasium floor staff who provided assistance only if requested or required. Directly and 
indirectly supervised groups trained at an onsite gymnasium at different times, while those 
                                                          
1 1RM is the maximum amount of weight an individual can lift once for a specific exercise. 
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allocated to the unsupervised group performed their individually prescribed exercise program 
at a location they chose that was not the onsite gymnasium used for the directly and indirectly 
supervised groups (e.g. home or joined a public gymnasium as a member). There was an 
alternate public gymnasium available onsite for the unsupervised participants to join if they 
chose. 
 
Repeated measures ANOVA based on intention-to-treat showed superior improvements in 
directly supervised vs. unsupervised exercise for CRF (p < 0.05), upper body strength (p < 
0.001), lower body strength (p < 0.001) and fat mass (p < 0.05). Additionally, there were 
superior improvements for directly supervised vs. indirectly supervised exercise for lower body 
strength (p < 0.001), fat (p < 0.05) and lean (p < 0.05) mass; and improvements for indirectly 
supervised vs. unsupervised exercise for upper (p < 0.05) and lower (p < 0.01) body strength. 
The greater improvements achieved with direct exercise supervision were likely mediated by 
the finding that these participants attended significantly more exercise training sessions over 
the 16-weeks (mean ± SD; 30.2 ± 12.3 sessions) than indirectly (21.6 ± 11.6; p < 0.05) and 
unsupervised (18.0 ± 14.4; p < 0.01) participants. In addition, directly supervised participants 
achieved a greater total aerobic training energy expenditure (4,681 ± 1,885kj) than indirectly 
(2,894 ± 1,584kj; p < 0.01) and unsupervised (2,749 ± 2,283kj; p < 0.01) participants and 
performed a greater total resistance training volume (77,490 ± 39,832kg) than unsupervised 
participants (36,600 ± 38,008kg; p < 0.001) over the intervention despite all participants being 
provided with individually prescribed exercise programs using the same guidelines [36]. 
Across all groups, participants who achieved a clinically meaningful improvement to CRF (i.e. 
≥ 3.5 ml·kg·min-1) [37] attended a mean of two exercise sessions per week and thus, adhered 
to the minimum exercise prescription of the study. In a 16-week workplace exercise 
intervention involving apparently healthy university employees, direct exercise supervision 
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achieved greater exercise adherence, training load and improvements to muscular strength and 
body composition than standard gym or unsupervised exercise. Improvement to CRF was 
comparable between directly and indirectly supervised exercise groups. 
 
Overall conclusions 
This research has identified the importance of providing exercise supervision in the workplace 
in helping participants to achieve the exercise adherence necessary to bring about 
improvements to cardiometabolic health and health-related fitness. Thirty-five percent of 
surveyed university employees reported being physically inactive for the preceding six months. 
A perceived lack of time and motivation were significantly associated with physical inactivity, 
while individual-level exercise prescription and supervision was identified as a potential 
facilitator to workplace exercise participation. Over eight weeks, direct (1:1) exercise 
supervision resulted in no additional attendance or fitness benefits over and above indirect 
(standard gym) supervision, and had no long-term (15 months) effects on physical activity 
participation. However, a more sensitive health and fitness testing battery and a longer 
intervention period (16 weeks) identified significant between-group differences to exercise 
adherence, health and fitness outcomes between directly, indirectly and unsupervised exercise. 
Specifically, both direct and indirect exercise supervision was important for improving 
employee CRF and upper body muscular strength compared to unsupervised exercise, while 
direct exercise supervision achieved greater exercise adherence and additional improvements 
to lower body strength and body composition (reduction in fat mass and increase in lean mass) 
over and above both indirectly and unsupervised exercise over 16 weeks. 
 
Individually-tailored exercise programs with direct supervision and instruction may facilitate 
higher exercise engagement compared to indirect and unsupervised exercise in the workplace, 
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and achieve the greatest improvements to cardiometabolic health, CRF and muscular strength 
in the short-term. Further research should investigate potential mechanisms behind the greater 
exercise adherence and benefits to health and fitness of direct exercise supervision in the 
workplace, such as potential improvements to employee exercise self-efficacy. Of further 
interest is whether differences between varying levels of exercise supervision continue beyond 
16 weeks, and whether a gradual reduction in direct exercise supervision maintains health and 
fitness benefits and promotes independent ongoing exercise behaviour. In order to improve 
employee health and fitness and reduce inactivity-related chronic disease risk, employers 
should provide access to an onsite exercise facility and individually-tailored exercise 
prescription. To improve health and fitness further, personal training style direct exercise 
supervision could be provided for at least the first 16 weeks.  
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 Introduction 
Physical activity, defined as musculoskeletal movement-related energy expenditure [1], is vital 
to health. Exercise is a structured and repetitive form of physical activity undertaken to improve 
or maintain one or more components of physical fitness [1] such as cardiorespiratory fitness 
(CRF) or muscular strength. Despite the well-established benefits of an active lifestyle [33] 
and public health guidelines for aerobic and resistance exercise participation [30, 38], physical 
inactivity is a leading cause of morbidity and mortality in Australia [39] and worldwide [3]. 
Physical inactivity is a significant risk factor for the development of CVD, many types of 
cancer, chronic respiratory disease and type 2 diabetes, which collectively contribute to over 
38 million deaths annually, representing 68% of total global mortality [3]. In 2010, physical 
inactivity caused 69.3 million disability-adjusted life years (2.8% of the total) globally [40]. In 
Australia, physical inactivity is associated with 5-7% of the total disease burden and is the 
third-highest behavioural disease risk factor after smoking and the harmful use of alcohol [39, 
41]. 
 
The workplace is endorsed by the World Health Organisation (WHO) and the Australian 
Government as a suitable setting for exercise promotion to increase employee physical activity 
participation and improve health [8, 9]. Scalable programs targeting large numbers of 
employees and convenient access to exercise facilities are advantages of many workplace-
based exercise programs [42]. However, several reviews indicate only small to moderate 
positive effects of workplace physical activity interventions and health promotion programs on 
employee health (i.e. body composition, blood pressure and blood lipid and glucose profile), 
fitness (i.e. CRF and muscular strength) and physical activity participation (i.e. walking, 
moderate- and vigorous-intensity physical activity) to date [12, 13, 16, 43, 44], the benefits of 
which are often limited by poor program adherence and participant attrition [10]. While 
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exercise supervision and instruction has been shown to reduce attrition and lead to greater 
improvements to health and fitness in clinical populations [14, 15], no studies have investigated 
the effects of exercise supervision in an apparently healthy workplace population who may be 
at an increased risk of developing chronic disease due to physical inactivity [45, 46]. 
 
This chapter explored the evidence behind the health benefits of regular physical activity and 
exercise, physical activity and exercise prescription guidelines, national and international 
physical activity participation and models to explain exercise behaviour, perceived barriers and 
facilitators to exercise participation, the workplace as a setting for exercise facilitation, and the 
potential role of supervision in improving employee physical activity participation, health and 
fitness. The effects and characteristics of previous workplace exercise interventions are 
expanded on in the systematic review of the literature (Chapter 2). 
 
1.1 Physical activity for health 
In the mid-1990s, landmark reports on physical activity and health were published by the 
Centres for Disease Control and Prevention (CDC), the National Institutes of Health (NIH), 
and the American College of Sports Medicine (ACSM) [47-49]. Importantly, these reports 
provided new public health guidelines for moderate levels of physical activity including 
aerobic and resistance exercise for the development and maintenance of CRF and muscular 
strength. Cardiorespiratory fitness and muscular strength are both important health-related 
fitness components for chronic disease prevention. Prior to the CDC, NIH and ACSM reports, 
the focus was on vigorous-intensity aerobic exercise to improve performance-related CRF and 
body composition [50]. As identified by Blair and colleagues [51], this period represented a 
shift away from exercise prescription exclusively for the development of performance-related 
fitness to include physical activity and exercise guidelines to improve health-related outcomes.  
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The United States’ Surgeon General’s Physical Activity and Health report [49] was released in 
1996 on the eve of the Centennial Olympic Games held in Atlanta, Georgia. This is the home 
of the CDC, the national public health institute of the U.S. which was the lead federal agency 
responsible for preparation of the report. The release was timely, as physical activity 
participation in the U.S. was declining and levels of overweight and obesity were on the rise 
[49]. By summarising the existing literature, the report assessed the role of physical activity in 
preventing chronic disease and trends in physical activity participation rates in the U.S. Two 
findings were emphasised: (1) moderate levels of physical activity (i.e. 30 minutes of 
moderate-intensity physical activity on most, if not all days of the week) are enough to illicit 
health benefits; and (2) health benefits appear to be proportional to the volume of physical 
activity performed, up to an activity-related energy expenditure of 3500 kcal per week beyond 
which mortality rates increased slightly [52]. A dose-response relationship has since been 
confirmed by several reviews and meta-analyses involving men and women throughout the 
U.S. and Europe [53-55].  
 
The NIH and ACSM endorsed the significant health benefits associated with moderate levels 
of physical activity, and issued public physical activity guidelines [47, 48]. Collectively, these 
reports contributed to the development of the ‘Active Australia’ initiative released in 1998 by 
the Minister for Health and Family Services [56]. The aim of this initiative was to increase 
levels of moderate-intensity physical activity to improve the health and well-being of all 
Australians [56]. Along with schools and residential environments, the workplace was 
recognised as a setting in which regular physical activity could be encouraged through 
workplace health policies [56]. The workplace continues to be recognised as a priority setting 
for physical activity promotion both internationally [8] and nationally, with the National Heart 
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Foundation of Australia listing the workplace as a key action area in the recent ‘Blueprint for 
an Active Australia’ [57]. 
 
1.2 Health benefits of aerobic and resistance exercise  
Large prospective cohort studies involving both men and women show associations between 
increased volumes of physical activity and reductions in cardiovascular, metabolic and all-
cause mortality [52, 53, 58, 59], with greater reductions for activity performed at a higher 
intensity [60, 61] up to a weekly activity-related energy expenditure of 3500 kcal. Aerobic 
exercise in which heart and respiratory rates are elevated during continuous, rhythmical 
activities involving large muscle groups (e.g. cycling and jogging) increases CRF; an 
independent cardiovascular [61, 62], metabolic [63, 64] and mortality [4, 65, 66] risk factor. 
Furthermore, CRF provides an accurate indicator of habitual leisure-time physical activity [67, 
68] and can therefore be used as a surrogate measure or in combination with other more specific 
measures (e.g. accelerometers, self-report questionnaires) to ascertain levels of moderate- to 
vigorous-intensity physical activity participation for which the health benefits are well 
recognised [60, 61]. Resistance exercise (e.g. weight training) increases muscular strength; also 
an independent cardiovascular [69], metabolic [70, 71] and mortality [5, 72] risk factor. 
Furthermore, resistance exercise assists in maintaining muscle mass, which is important in the 
prevention of age-related health conditions including sarcopenia and sarcopenic obesity [73].  
 
A recent extensive review and meta-analysis of large-scale prospective observational studies 
involving 92,986 adults found those with a CRF (assessed using a maximal or V̇O2 peak 
exercise test) in the lowest quintile were at twice the risk of all-cause mortality than those with 
a CRF in the four higher quintiles regardless of their body mass index (BMI) [4]. While 
increases in fatness (BMI and percent body fat) are significantly associated with the 
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development of cardiometabolic conditions such as hypertension, metabolic syndrome and 
hypercholesterolemia, a study involving 3,148 apparently healthy adults found maintaining or 
improving CRF attenuated (although did not completely eliminate) these negative metabolic 
effects [62]. Indeed, CRF has been shown to be a more important cardiometabolic risk factor 
than both habitual physical activity [61, 63] and sedentary time [63]. Throughout the Aerobics 
Centre Longitudinal Study (United States) which enrolled 9007 men and 1491 women, 1402 
participants developed metabolic syndrome over a median six years follow-up [64], a predictor 
of both cardiovascular and all-cause mortality [74]. Significant inverse associations between 
CRF and metabolic syndrome incidence were observed for both men and women [64], 
highlighting the importance of CRF as an independent cardiometabolic risk factor. 
 
Along with cardiometabolic health benefits, an earlier prospective study involving 10,224 men 
and 3,120 women followed-up over a mean eight years reported an association between higher 
CRF and lower risk of mortality from all-causes, CVD and cancer [65]. After controlling for 
potential confounders, all-cause mortality risk ratios for the least-fit quintile compared with the 
most-fit quintile were 3.44 in men and 4.65 in women [65]. Significantly, a one metabolic 
equivalent (1 MET; 3.5 ml·kg·min-1) improvement to CRF has been shown to reduce mortality 
risk by 10% to 20% in both clinical [37, 66] and apparently healthy populations [65, 75]. 
Similarly, a negative association was observed between CRF and nonfatal CVD events in an 
apparently healthy adult cohort of 20,728 men and 5,909 women over a mean 10-year follow-
up [76]. After adjustment for other risk factors including physical activity, BMI, hypertension, 
diabetes and dyslipidaemia; men with moderate and high CRF had an 18% and 39% lower risk 
of CVD respectively than those with low CRF, and similar reductions were observed for 
women (26% and 37% lower risk for moderate and high CRF) [76].  
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Whole-body adiposity and the metabolically important visceral adiposity are associated with 
increased CVD and mortality risk [77-79]. Aerobic exercise may be more effective than 
resistance exercise in reducing excess visceral fat [80], however resistance exercise has been 
shown to more effectively increase muscle mass, strength and maintain muscle mass during 
periods of weight loss; and therefore more effectively prevent sarcopenia [81]. Furthermore, 
muscular strength is an important cardiovascular [69] and mortality [5, 72] risk factor 
independent of CRF. Therefore, public guidelines recommend a combination of both aerobic 
and resistance exercise in order to achieve the benefits associated with each mode of exercise. 
Physiologically, aerobic exercise has been shown to increase levels of the cardio-protective 
[82] high-density lipoprotein cholesterol (HDL-C) and decrease triglycerides (TG) in 
apparently healthy men and women independent of changes to body mass or body fat [83]. 
However, evidence for the effects of aerobic or resistance exercise to decrease total cholesterol 
(TC) and low-density lipoprotein cholesterol (LDL-C) is less conclusive [83].  
 
C-reactive protein (CRP) is a chronic systemic inflammatory marker associated with the 
development of CVD [84], and is inversely associated to CRF [85]. A recent review and meta-
analysis found small but significant reductions to CRP following aerobic or combined aerobic 
and resistance exercise across broad age groups independent of weight loss or changes to 
adiposity for both men and women [86], further evidence of the metabolic benefits of exercise. 
In addition, regular moderate-intensity aerobic exercise lowers the risk of developing type 2 
diabetes in both men and women independent of weight loss [87], likely mediated by improved 
insulin sensitivity [88]. However, the health and fitness benefits achieved with regular exercise 
begin to diminish within two weeks if activity levels are substantially reduced [89]. Therefore, 
it is imperative to ensure adherence to physical activity guidelines and exercise prescription in 
order for the physiological benefits of exercise to be maintained over time. 
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1.3 Physical activity and exercise prescription guidelines 
Public physical activity guidelines provide a framework upon which people can base their 
physical activity or exercise routines. The current edition of the ACSM’s Guidelines for 
Exercise Testing and Prescription [36] incorporates recommendations from the American 
Heart Association in conjunction with the ACSM [90, 91], and the 2008 Physical Activity 
Guidelines for Americans [38]. The ACSM recommends that apparently healthy adults (i.e. 
non-clinical) should engage in aerobic physical activity on > 5 days per week (> 150 minutes 
per week) at moderate-intensity, or > 3 days per week  (> 75 minutes per week) at vigorous-
intensity, or a combination of moderate and vigorous physical activity on > 3-5 days per week 
to achieve a total energy expenditure of > 500-1000 MET·minutes per week [36]. One MET is 
the energy cost of sustaining life at rest. The average adult walking at a moderate pace expends 
approximately four METS per min [92]. Therefore, 125 minutes per week of moderate pace 
walking is required to achieve the minimum recommendation of 500 MET·minutes per week 
for most adults.  
 
The energy expenditure guideline of > 500-1000 MET·minutes per week is based on large 
prospective cohort studies of diverse populations in the U.S.  Findings indicate that 
approximately 150 minutes per week of moderate-intensity physical activity is associated with 
lower rates of CVD and premature mortality [93-96]. Interestingly, lower volumes of physical 
activity may be sufficient to reduce chronic disease risk in inactive adults (i.e. those not 
achieving minimum physical activity recommendations) [54]. Several studies have shown 
significant CVD and mortality risk reductions from approximately 75 minutes per week of 
moderate-intensity physical activity [54, 94-96]. These studies report dose-response 
relationships between energy expenditure and reduced mortality risk. Although short bouts of 
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physical activity (< 10 minutes) may yield favourable benefits in very deconditioned 
individuals, structured bouts of ≥ 10 minutes duration should be performed by healthy adults 
to accumulate the desired duration and volume of daily physical activity [36]. 
 
Australia's Physical Activity and Sedentary Behaviour Guidelines [30] have recently been 
updated by the Department of Health. Previously, Australian physical activity guidelines 
matched those of the U.S. However, the new Australian guidelines recommend that apparently 
healthy adults achieve a minimum of 150-300 minutes per week of moderate-intensity or 75-
150 minutes per week  of vigorous-intensity physical activity. The new guidelines state that 
higher levels of physical activity provide greater health benefits and help to prevent cancer and 
unhealthy weight gain. Indeed, inverse relationships between both leisure-time physical 
activity and CRF and the incidence of many types of cancer have been observed [97, 98]. In 
addition, public guidelines recommend that resistance exercises are performed on 2-3 days per 
week to improve and maintain muscle strength and mass, bone strength and mass, a healthy 
body composition, and cardiovascular and metabolic health [30, 36, 99]. It is recommended 
that each of the major muscle groups are involved, and 2-4 sets of 8-12 repetitions are 
performed at an intensity of 60%-70% of 1RM [36]. A new recommendation in both the 
Australian and UK physical activity guidelines is that sedentary time (e.g. prolonged sitting) 
should be minimised [30, 99]. 
 
1.4 Exercise behaviour  
Despite public physical activity guidelines and the established benefits of regular exercise, 
almost 50% of adults worldwide fail to meet aerobic physical activity targets [6] and 
approximately 90% fail to meet resistance exercise recommendations [7]. In 2014-15, 54% of 
Australian adults were either sedentary or inactive, a decrease from 56% of adults in 2011-12 
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and 62% of adults in 2007-08. In comparison to these survey-response statistics, accelerometer-
based studies provide a more objective measure of physical activity by measuring movement 
counts. These data indicate that only 5% of U.S. adults meet minimum physical activity 
recommendations [100], with similar findings in Swedish [101] and Australian adults who 
spend just 4% of waking hours engaged in moderate- to vigorous-intensity activity [102]. A 
significant proportion of the adult population in developed countries are therefore at an 
increased chronic disease risk due to insufficient physical activity.  
 
Conservative estimates indicate worldwide healthcare costs attributable to inactivity exceed 
67.5 billion international dollars annually [103]. A pooled analysis of US and European 
prospective cohort studies involving 661,137 men and women with a median 14 years of 
follow-up found a dose-response relationship between increasing levels of leisure-time 
physical activity and reduced cardiovascular, cancer and overall mortality risk [53]. Compared 
to no leisure-time physical activity, a 20% lower mortality risk was associated with meeting 
minimum physical activity guidelines with greater risk reductions for higher levels of activity 
[53]. Similar dose-response relationships have been observed between total reported physical 
activity and the risk of developing diabetes, ischaemic heart disease, ischaemic stroke, breast 
and colon cancer [104]. 
 
Engaging people in an exercise program and maintaining their involvement are critical steps 
to improving health and fitness and decreasing chronic disease risk. Around 50% of people 
who begin an exercise program drop out within the first three to six months, a rate that has 
persisted over the past 30 years [34]. Indeed, attrition rates between 30% and 74% have 
frequently been reported by 3- to 6-month workplace exercise intervention studies [21, 24, 25, 
105-109]. Buckworth and colleagues [34] state that the identification of barriers and facilitators 
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to exercise participation is crucial when developing interventions to foster the adoption and 
maintenance of regular exercise. The environment, policy and individual factors all influence 
one’s physical activity participation and are linked to both acute and chronic health and fitness 
outcomes (physiological and psychological) [34]. It is therefore important to consider these 
multiple factors when designing an exercise program to maximise adherence and program 
effectiveness. For example, access to exercise facilities, attitudes and beliefs around exercise 
along with current and previous exercise experience should all be taken into consideration 
when prescribing an individually-tailored exercise program, as is done during a standard 
consultation with an Exercise and Sports Science Australia accredited exercise physiologist. 
 
Many of the techniques used to promote exercise originated from psychological theories of 
motivation and behaviour change. The Transtheoretical Model of behaviour change (TTM; 
also known as the stages of change model) provides a framework for understanding motivation 
for behaviour change as well as actual behaviour change [34]. Originally developed to describe 
changes to addictive behaviour, the TTM was expanded to include the adoption of preventative 
health behaviours, and has now been applied in many exercise and physical activity studies 
[34]. The TTM includes three levels: stage of change, constructs hypothesised to influence 
behaviour change, and level of change. This is the stage model most frequently applied to 
exercise. The first level of the TTM involves five distinct stages in relation to exercise 
behaviour; pre-contemplation, contemplation, preparation, action and maintenance [34]. A 
direct relationship has been observed between a person’s stage of change and the number of 
minutes they are physically active each week [110], and moving forward one or more stages 
has been associated with increases to CRF [111]. 
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The second level of the TTM includes three constructs that are hypothesised to influence 
behaviour change: self-efficacy to overcome barriers, decisional balance (pros vs. cons of 
target behaviour), and processes of change [34]. Instruments to measure these mediating 
mechanisms underlying motivation to change have been developed and validated for exercise 
[112-114]. Longitudinal evidence suggests that exercise self-efficacy is generally lowest in the 
early stages (e.g. pre-contemplation) and increases as the individual moves from a sedentary 
lifestyle to one involving the long-term maintenance of regular exercise [115-117]. However, 
it is unknown whether higher exercise self-efficacy is the result of past success with exercise 
and this experience is a determinant of current behaviour; or whether people are more active 
because they have a higher exercise self-efficacy. Decisional balance (or decision-making 
theory) is another construct from the TTM that is believed to influence exercise behaviour. 
This theory attempts to explain how people decide to engage in a behaviour based on the 
perceived benefits and costs of the behaviour [118]. People in the earlier stages of change tend 
to perceive more disadvantages and barriers to engaging in exercise, such as a lack of time, 
motivation or energy [112, 119]. 
  
One criticism of workplace exercise programs is that they tend to attract individuals who are 
highly motivated or are already physically active [120-122], and fail to engage the vast majority 
of sedentary employees who lack the motivation to change. Recent data on university 
employees found that those who were already active (i.e. in the action or maintenance stages) 
when enrolling in a 6-week workplace physical activity challenge were four times more likely 
to complete the competition [122]. Data on the number of employees in each respective stage 
of change provides useful information for designing both recruitment strategies and exercise 
programs to more effectively engage both inactive and active individuals. For example, if the 
majority of a workplace population are categorised as pre-contemplators or contemplators 
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(stage one or two), researchers may consider designing intervention recruitment strategies that 
seek to more effectively attract inactive individuals by emphasising that the proposed exercise 
program is available to everyone regardless of current or previous activity participation or 
fitness levels. This may help to dispel the perception that only fit, active people should take 
part. Stage of change in relation to physical activity participation was measured in Chapter 3, 
the findings of which helped to inform the design of the recruitment strategies used for the 
exercise interventions conducted in Chapters 4 and 6. Specifically, one-third of surveyed 
university employees were not maintaining regular physical activity participation and therefore 
intervention recruitment emphasised that prior exercise experience or having a currently active 
lifestyle was not required for participation in the exercise studies. 
 
Social ecological models provide a framework for understanding the numerous factors and 
behaviours that act as facilitators or barriers to exercise participation. However, in contrast to 
the TTM which focuses on the individual (i.e. attitudes, beliefs, cognitions, behavioural skills 
and experiences), social ecological models consider a range of factors including the broader 
community, organisations, culture, policies, and constructed and natural environments to 
explain behaviour and guide interventions [34]. This approach recognises that health 
behaviours are part of a larger social system (or ecology) of behaviours and social influences, 
and that lasting changes in health behaviours require supportive changes in the system as a 
whole. Due to the number of factors that influence behaviour, exercise interventions may be 
more effective when they target changes in four domains: intrapersonal, social environmental, 
physical environmental, and policy. Each of these domains can impact the behaviour of an 
individual [123], and while these components remain constant across settings, the specific 
examples within each will vary depending on the population group [124]. According to Sallis 
and colleagues [125], the basic principles of ecological perspectives are that: (1) multiple levels 
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of factors influence behaviour; (2) influences interact across levels; (3) multilevel interventions 
should be most effective; and (4) models are most effective when they are behaviour specific 
[125]. These models assume an interdependence between people, their behaviour and the 
environment, which collectively affects the adoption and maintenance of behaviour [34].  
 
The intrapersonal level of the social ecological model includes personal factors that increase 
or decrease the likelihood of an individual being or becoming physically active. Strategies 
addressing this level include education and mentoring programs focusing on changing 
someone’s knowledge, attitudes, behaviour and skills. At the social environment level, 
strategies used to promote exercise include community education, support groups, workplace 
incentives and social marketing campaigns. These aim to promote positive community attitudes 
and awareness towards exercise participation. Exercise takes place in both natural and 
manufactured environments, which are likely to influence the amount and type of activity that 
takes place. Strategies focusing on the physical environment, for example the installation of 
exercise facilities, should precede education and awareness programs in order for exercise 
behaviour change interventions to be most effective [126]. In addition, both formal (local, state 
or federal government actions) and informal local policies (organisational statements or rules) 
have the potential to affect exercise behaviour. 
 
There is some evidence that physical activity and exercise programs targeting multiple levels 
of behaviour are more likely to lead to greater changes and longer lasting maintenance of 
physical activity than those that don’t [126]. Specific to the workplace, Heirich and colleagues 
[127] found that a multilevel approach achieved greater exercise session attendance and 
reductions in cardiovascular risk factors compared to simply providing a staffed exercise 
facility (i.e. single-level approach). The author’s concluded that a systematic, ongoing outreach 
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method to recruit employees for exercise programs may be more effective than simply the 
presence of fitness facilities without such outreach. This was supported by a review of health 
promotion programs across 10 U.S. federal agency workplaces involving a total of 3,388 
employees [128]. The review found that workplace health promotion programs using 
multilevel strategies (i.e., management support, social environment, organisational resources 
and marketing) reported higher participation levels, especially among minority and lower-
position employees [128]. The exercise interventions that were conducted as part of the 
research involved in this thesis were underpinned by the social ecological model, in that: 1) 
participants were individually assessed and were provided individual exercise prescription 
(intrapersonal); 2) participants could exercise in a shared environment (social environmental); 
3) onsite exercise facilities were available as part of some of the intervention arms (physical 
environmental); and 4) participants could choose to exercise before, during or after working 
hours at no cost (policy). 
 
1.5 Barriers and facilitators to exercise participation 
Perceived barriers have been identified as some of the strongest and most consistent correlates 
of physical activity non-participation [129]. A 2010 survey investigated barriers to leisure time 
physical activity participation in 2,194 Australian adults [130]. In support of previous findings 
in Australian [131] and South American [132] adults, Cerin and colleagues [130] found a lack 
of motivation and time to be the two most commonly reported participation barriers, especially 
in younger female overweight and obese respondents. In addition, work constraints were a 
major barrier to exercise participation in a random sample of 4,503 Canadian adults, with 
university-educated workers more likely to attribute high importance to tight deadlines as a 
participation barrier [133]. In a university setting, time constraints and work schedule conflicts 
have been the most commonly reported barriers to health and physical activity program 
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participation [134-137]. An employee’s time is therefore a critical factor to consider when 
designing workplace exercise programs, particularly in settings with typically high workloads 
such as tertiary institutions. 
 
Other studies have shown that environmental factors can impact exercise behaviour [138-140]. 
Results of a focus group study in Australia suggest that people believe access to both free and 
pay facilities increase the likelihood of engaging in exercise, and the specific characteristics of 
a setting may also be an important determinant of physical activity participation [141]. Such 
characteristics include aesthetic features, the provision of amenities, and a sense of personal 
safety. Access to exercise facilities and walking routes have been associated with lower levels 
of motivational and time barriers in Australian adults [130, 142], potentially by reducing the 
time required to exercise and motivating participation by providing a variety of exercise 
options [143]. Similarly, positive associations between access to exercise facilities and exercise 
participation in American adults have been observed [144, 145]. Convenient access to exercise 
facilities with minimal transit time is therefore likely to alleviate some of the commonly 
perceived barriers to exercise participation. 
 
Workplace exercise programs may reduce environmental and organisational barriers to 
exercise by providing onsite infrastructure and flexible access to exercise facilities [146]. In 
addition, motivational barriers may be somewhat alleviated in a workplace setting where many 
employees find it easier to be physically active when friends or colleagues are involved [140]. 
Research suggests that workplace exercise programs are viewed positively by most employees. 
For example, in a telephone-based survey of 4,503 Canadian adults, Cameron and colleagues 
[133] found that approximately 90% of employed adults believed regular exercise reduces 
stress, improves productivity, and speeds recovery from minor illnesses. Women involved in 
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the study were more likely than men to hold strong positive beliefs about the health-related 
benefits of exercise, and the same was found for university-educated workers in comparison to 
those with lower levels of education [133].  
 
1.6 The workplace as a setting for exercise facilitation 
The workplace presents a suitable setting for exercise facilitation as barriers such as a lack of 
time and access to exercise facilities are often reduced [147], and furthermore, two-thirds of 
adults in developed countries are employed with over 85% working full-time (> 35 hours per 
week) [148-150]. Specifically, over 11 million Australians spend an average of eight hours per 
day at work [148]. By the year 2020 workplace exercise programs will have the potential to 
reach 3.6 billion workers worldwide [8]. Coupled with data indicating that two-thirds of the 
workforce in developed countries are classified as either sedentary or inactive [45, 46], the 
workplace has become a key setting for exercise promotion [3, 9]. However, previous reviews 
suggest that workplace exercise interventions have only had small to moderate overall effects 
on the physical activity, health and fitness of employees and therefore there is a need for further 
well designed studies to be conducted to inform future programs and interventions [13, 16, 43, 
44, 151].  
 
The potential benefits of workplace exercise interventions extend further than employee health 
alone. From an employer’s perspective, productivity losses including absenteeism have 
exceeded an estimated US $153 billion in the United States [152] and an estimated AUS $27.5 
billion in Australia [153]. Another report accounting for both absenteeism and presenteeism 
(i.e. attending work while sick) in the United States estimates the total cost of lost productivity 
to be US $227 billion [154]. Furthermore, cancer, CVD and stress are leading causes of 
absenteeism in Australia and an inverse relationship between these conditions and physical 
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activity exists [41]. Workplace health promotion programs (i.e. physical activity, exercise and 
dietary modification programs) offer potential benefits for both the employee and employer by 
reducing the burden of employee health issues, moderating medical costs, reducing 
absenteeism, increasing productivity, and boosting employee morale [155]. As indicated by 
Pelletier (2011), “the research evidence supporting both the clinical and cost-effectiveness of 
such programs is becoming more compelling” (p. 1311), with many studies reporting 
reductions in absenteeism and increases to productivity in the workplace following the 
implementation of health promotion programs that include exercise [156].  
 
Many universities possess the infrastructure, resources and expertise required to support 
workplace exercise programs [157]. Additionally, university employees may be at increased 
cardiometabolic risk due to high levels of physical inactivity and elevated body fat [158-163]. 
As discussed in a recent review by Plotnikoff and colleagues [17], universities and colleges are 
unique settings and may offer several advantages over other workplaces in terms of conducting 
exercise programs. Firstly, the number of staff is generally higher than most workplaces, 
allowing economies of scale in the implementation of exercise interventions. Secondly, 
universities and colleges are institutions that can set an example for surrounding communities 
to follow, often exemplifying best practice in their working conditions and employee relations. 
Finally, universities and colleges often possess a range of facilities, resources and qualified 
staff including health professionals which make these institutions suitable settings for exercise 
facilitation. The review by Plotnikoff et al. included three studies that focussed on the use of 
existing onsite facilities to promote workplace exercise [164-166]. These studies reported 
significant improvements to employee health and physical activity participation over two to 
twelve months. Universities could have the opportunity and arguably a moral responsibility to 
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develop and implement the best available research evidence, and in doing so to set the 
benchmark for other workplaces to follow. 
 
1.7 The role of exercise supervision 
The effectiveness of many workplace exercise programs to improve employee health and 
fitness has been limited by recruitment, exercise adherence and attrition [10, 167]. Supervised 
exercise has been shown to reduce attrition [15] and achieve greater health and fitness 
improvements than unsupervised or home-based exercise in office workers with 
musculoskeletal pain [168] and clinical populations [14, 15, 27-29]. A study involving post-
menopausal Canadian women reported higher adherence to supervised (95%) compared to 
unsupervised (77%) exercise components of a 12-month exercise program [35]. In a clinical 
setting, a review of exercise therapy interventions greater than 12 weeks in duration for low-
back pain patients found that individually-designed exercise programs delivered in a 
supervised format resulted in the most meaningful reductions to pain [29], with similar findings 
in knee osteoarthritis [28] and prostate cancer [27] patients. In addition, a recent review of 
studies using exercise therapy for the management of intermittent claudication (six weeks to 
twelve months duration) found significantly greater improvements to maximal and pain-free 
walking distance in patients who participated in supervised as opposed to unsupervised 
exercise programs [14].  
 
Nicolai and colleagues [15] conducted an exercise study involving 34 obese but otherwise 
healthy Dutch adults. After four months, those randomised to the supervised exercise group 
had achieved a significantly greater loss in both total body mass and fat mass than unsupervised 
participants. The intervention involved exercise only, dietary advice was not part of the 
intervention. Over two-thirds of the supervised participants continued in the training program 
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after five months, whereas none of the unsupervised participants maintained participation in 
the program. However, said findings are not universal as an 8-week randomised controlled trial 
investigating supervised and unsupervised Nordic walking in 126 Danish chronic low back 
pain patients did not find significant between-group differences in physical activity 
participation throughout the intervention [169]. It must be noted that most participants in this 
study had a long history of back pain and disability, and physical activity participation was 
calculated from accelerometers worn only during weeks four and five of the intervention. 
Furthermore, both groups had very low average daily activity levels for the period of 
measurement, approximately 2% of that of a trained Nordic walking instructor. Although not 
significant, supervised participants reported less pain, disability, use of pain medication and 
concurrent treatment for their low back pain than unsupervised participants, as well as greater 
patient-specific function [169]. 
 
Gains in muscular strength were greater when exercise was supervised in a 1:5 supervisor to 
participant ratio compared to a 1:25 ratio in untrained young men who completed an 11-week 
resistance training program, likely due to the higher training intensity maintained by the more 
closely supervised group [170]. However, other studies involving overweight/obese adults and 
office-workers with neck/shoulder pain found equivalent improvements to cardiometabolic and 
musculoskeletal health for supervised, unsupervised or minimally supervised exercise groups 
[171, 172]. While there is a relatively large body of evidence for providing workplace health 
and physical activity programs to improve individual health, only a portion of this has 
systematically investigated supervised exercise. Furthermore, findings are equivocal regarding 
the potential benefit of providing individual-level exercise supervision. It is currently unknown 
whether providing direct exercise supervision and instruction (e.g. 1:1 instructor to participant 
ratio) leads to greater health and fitness improvements compared to indirectly supervised (e.g. 
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standard gym supervision) or unsupervised exercise in a workplace exercise program involving 
apparently healthy adult employees.  
 
Given the high rates and increasing incidence of chronic diseases worldwide for which physical 
inactivity, low CRF and poor muscular strength are significant risk factors, research into 
strategies such as workplace exercise programs to increase adult exercise participation is 
warranted [173]. Investigating the effectiveness of workplace exercise interventions and 
different types of supervision is highly relevant given the current global rates of physical 
inactivity and the incidence of lifestyle-related diseases, the inactive working environment 
typical of many modern workplaces, the opportunity for scalable exercise engagement that 
workplaces offer and the promising effects that exercise supervision has shown to improve 
health and fitness in clinical populations and across other settings. 
 
1.8 Aims 
The primary aim of the research presented in this thesis was to establish the effect of different 
types of exercise supervision on employee fitness, health and physical activity participation. 
The following chapter of this dissertation systematically reviewed the literature to summarise 
the evidence for workplace exercise interventions to improve employee health and fitness, and 
to increase physical activity participation. Following on from this foundation, a cross-sectional 
survey design explored relationships between physical activity participation and perceived 
barriers and facilitators to workplace exercise participation of university employees. 
Randomised controlled aerobic and resistance exercise trials then investigated the effectiveness 
of different types of exercise supervision in a university workplace to improve the 
cardiometabolic health, fitness and physical activity participation of employees. 
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Therefore, the sequence of studies in this thesis aimed to: 
1.  Determine the effects and strength of evidence for previous workplace exercise 
interventions to improve employee fitness, health and physical activity participation. 
2.  Ascertain the current physical activity participation of university employees, including 
perceived barriers and facilitators to workplace exercise participation. 
3.  Compare the effects of different types of exercise supervision and instruction in a 
university employee cohort on exercise adherence and changes to cardiometabolic 
health and fitness. 
4.  Investigate whether a workplace exercise intervention increases employee physical 
activity participation in the long-term, and ascertain any predictors of long-term 
physical activity participation.  
5. Draw conclusions based on the existing evidence and research conducted throughout 
this thesis as to the effectiveness of workplace exercise programs to improve employee 
health, fitness and physical activity participation, and make recommendations for the 
design of future interventions and programs.  
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2 Workplace exercise interventions for improving health, fitness and physical activity: 
a systematic review 
2.1 Preface 
As identified in the literature, workplace exercise interventions have been endorsed by the 
WHO [173] as a means of addressing physical inactivity and the health risks associated with 
an inactive lifestyle. The existing evidence behind these interventions has not been thoroughly 
evaluated and summarised. A systematic review was undertaken to examine the effects of 
workplace exercise interventions to improve employee physical activity participation, health 
and fitness, and to identify the characteristics of interventions that have had the greatest effects 
on these outcomes. The findings of this chapter were presented at the World Congress on 
Active Ageing, June 28th - July 1st 2016, Melbourne, Australia (Appendix A, pg. 246). 
 
2.2 Introduction 
Regular physical activity plays an important role in preventing lifestyle-related diseases 
including CVD, cancer, chronic respiratory disease and diabetes, which collectively contribute 
to 82% of total global chronic disease-related mortality [3]. However, self-report data indicate 
that almost 50% of adults worldwide perform insufficient aerobic physical activity to attain 
health benefits [6]. It was also recently reported that 90% of Australian adults fail to achieve 
resistance exercise guidelines [7]. The WHO’s global action plan for the prevention and control 
of noncommunicable diseases includes an objective to reduce by 10% the prevalence of global 
physical inactivity by 2020 [173]. Exercise is a structured form of physical activity that 
provides extensive health and fitness benefits and can be undertaken to meet advocated 
physical activity targets [30, 173]. Aerobic and resistance exercise training improves CRF and 
muscular strength which are significant cardiovascular, metabolic and mortality risk factors [4, 
5].  
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Widespread occupational sedentarism that is typical of many modern working environments 
[174] is a major contributor to physical inactivity. Strategies including workplace exercise 
programs have been recommended by the WHO to promote physical activity in the workplace 
and improve employee health and fitness, and reduce inactivity-related chronic disease risk 
[173, 175]. Advantages of workplace-based exercise programs are that a significant proportion 
of the population can be reached and barriers such as a lack of access to facilities and a lack 
time can be reduced [147]. In addition to employee health and fitness benefits, workplace 
exercise programs have the potential to reduce absenteeism and improve employee 
productivity [156]. 
 
Previous reviews of workplace interventions promoting physical activity and exercise at a 
social, environmental or individual level [34] have reported overall small to moderate effects 
on employee physical activity participation, health and fitness outcomes [12, 13, 16, 44]. The 
majority of studies included in these reviews provided educational material on the benefits of 
regular physical activity, created workplace prompts such as taking the stairs instead of the lift, 
or issued pedometers with daily step goals. Most studies did not supervise or prescribe specific 
exercise such as aerobic or resistance training, for which the health and fitness benefits are well 
established [33]. No previous reviews have specifically investigated the effectiveness of 
prescribed aerobic and resistance exercise training programs in the workplace. Despite the 
advantages that workplaces may offer, attrition rates of up to 74% (6-month intervention) [105] 
have been reported from onsite exercise interventions, contributing to the limited effectiveness 
of many workplace exercise programs to date [13]. The primary aim of this review was to 
systematically examine the physical activity, health and fitness effects of previous 
interventions involving prescribed exercise in a workplace setting. A second aim was to make 
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recommendations for the design of future workplace exercise programs based on the 
characteristics and findings of the studies included in this review. To this end, the following 
questions were considered: 
1. What are the common characteristics of workplace exercise interventions that have had 
positive effects on employee physical activity participation, fitness and health?  
2. What is the strength of evidence of the effects of workplace exercise interventions on 
employee physical activity participation, fitness and health? 
3. What recommendations can be made for the design of future workplace exercise 
interventions aiming to improve the physical activity participation, fitness and health 
of employees? 
 
2.3 Methods 
2.3.1 Data sources and search strategy 
A systematic search of the literature was conducted using CINAHL (1981-2015), EMBASE 
(1974-2015), AMED (1985-2015), Scopus (1960-2015) and SPORTDiscus (1985-2015) 
databases. First, three keyword categorical searches were conducted: (i) ‘exercise’, or ‘physical 
activity’, or ‘aerobic training’, or ‘resistance training’, or ‘circuit training’; (ii) ‘workplace’, or 
‘worksite’, or ‘employee’; (iii) ‘intervention’. Second, categories i to iii were combined using 
‘and’, and studies were limited to ‘human’ and ‘English’. Third, duplicates were removed. 
Finally, each of the retrieved studies was manually searched for potential inclusion in the 
review. One reviewer (doctoral candidate) assessed study inclusion based on the title and 
abstract. Full texts were retrieved for those articles that met inclusion criteria from the title and 
abstract, and final decisions on inclusions were made from the full text. The reference lists of 
each of the studies and a number of review papers and position stands were also manually 
searched to extract further studies. Studies published up to January 2015 were retrieved (and 
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later updated to September 2016 from database alerts) and managed using Endnote X7.0.2 
software. Data were extracted independently from each study for primary and secondary 
outcomes. This review was conducted in accordance with the preferred reporting items for 
systematic review and meta-analysis protocols (PRISMA-P) [176]. 
 
2.3.2 Study inclusion and exclusion criteria 
Studies must have met the following criteria to be included in the review: i) cohorts were 
generally healthy adults above the age of 18 years or had a health condition for which exercise 
is recommended as a treatment modality (e.g. diabetes, depression). If other types of 
participants such as members of the public were also recruited, only data from employees were 
extracted; ii) exercise interventions were conducted in a workplace setting and designed to 
improve the physical activity participation, fitness and/or health of employees and measured at 
least one of the primary outcomes listed below. Population-based physical activity studies (i.e. 
large-scale pedometer studies) or studies that did not describe details of exercise prescription 
(e.g. volume, mode) were not included; iii) studies were published in English and were 
conducted as either a randomised controlled trial (RCT), non-RCT, or uncontrolled trial; iv) 
studies measured at least one of the following primary outcomes, however were not required 
to have measured any of the secondary outcomes.  
Primary outcomes: 
1. Physical activity-related outcomes: objective (e.g. accelerometer) and subjective (e.g. 
physical activity recall questionnaires) measures of daily activity and/or exercise 
participation. 
2. Fitness-related outcomes: cardiorespiratory fitness, muscular strength and muscular 
endurance. 
Secondary outcomes: 
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3. Anthropometric outcomes: body mass, body mass index (BMI), waist circumference, 
hips circumference, fat mass and lean mass. 
4. Metabolic outcomes: blood pressure, lipid profile, glucose, insulin and inflammatory 
markers. 
 
2.3.3 Risk of bias of individual studies 
Assessment of the possible risk of bias of each study was facilitated with information collected 
using Chapter 8 of the Cochrane Collaboration tool for assessing risk of bias [177] which 
covers: sequence generation, allocation concealment, blinding of participants and personnel, 
blinding of outcome assessment, incomplete outcome data (e.g. dropouts and withdrawals), 
selective outcome reporting and other identified sources of bias (not including a possible 
publication bias whereby editors may favour the publication of studies demonstrating 
statistically significant findings). A judgement as to the possible risk of bias on each of the 
seven domains was made from the extracted information and rated as ‘high risk’ or ‘low risk’. 
If there was insufficient detail reported in the study the risk of bias was judged as ‘unclear’. 
One reviewer (doctoral candidate) assessed the risk of bias rating for each item. A judgement 
as to the overall risk of bias for each study was then made based on the risk of bias ratings for 
the seven domains [177]. 
 
2.3.4 Assessment of the quality of evidence of included studies 
Quality of evidence was assessed across the domains of risk of bias, consistency, directness 
and precision using the GRADE system as outlined in Chapter 12 of the Cochrane Handbook 
for Systematic Reviews of Interventions [177]. Results were determined as consistent for a 
particular outcome if the estimates of effect for interventions either favoured the treatment or 
control group in > 65% of studies. A study was labelled as direct if the stated goal was to 
improve the physical activity participation, fitness and/or health of employees, otherwise it was 
 41 
 
labelled as indirect.  Evidence for a particular outcome was considered direct if > 90% of the 
involved studies were labelled as direct. The precision of each study was based on whether 
estimates of variability were reported for each outcome of interest. Evidence for a particular 
outcome was considered precise if > 90% of involved studies reported estimates of variability. 
Quality of evidence was then adjudicated as high if none of these elements (i.e. risk of bias, 
consistency, directness and precision) were downgraded (further research is very unlikely to 
change our confidence in the estimate of effect); moderate if one of these elements was 
downgraded (further research is likely to have an important impact on our confidence in the 
estimate of effect and may change the estimate); low if two of these elements were downgraded 
(further research is very likely to have an important impact on our confidence in the estimate 
of effect and is likely to change the estimate); or very low if three or more of these elements 
were downgraded (any estimate of effect is very uncertain) [177]. 
 
2.3.5 Data synthesis and analysis 
A systematic synthesis is provided with information presented in the text and tables to 
summarise and explain the characteristics and findings of the included studies. Meta-analyses 
were conducted for RCTs on all outcomes (Review Manager version 5.3.5, Cochrane 
Collaboration, 2014), with the exception of C-Reactive Protein (CRP) as only two studies using 
different measures (i.e. high-sensitive vs. standard CRP) reported this outcome. Standardised 
mean difference were used for effects to account for differences in measurement techniques 
between studies for particular outcomes (e.g. maximal vs. submaximal CRF assessment), 
otherwise mean difference was used. Random effects models were used to account for 
heterogeneity between studies where required, defined as a Cochrane’s Q statistic (Chi square) 
p value < 0.1 and Cochrane’s I2 value > 50% indicating the presence of moderate-to-high 
heterogeneity [19, 178]. Only RCTs with a no-exercise control group were included, reporting 
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the same units of measurement. Where possible, units of measurement were converted to a 
common unit to allow statistical comparison between studies.  
 
2.4 Results 
2.4.1 Search results  
Figure 2.1 (pg. 44) provides a flow chart of the search and selection process. The keyword 
categorical searches (i) ‘exercise’, ‘physical activity’, ‘aerobic training’, ‘resistance training’, 
‘circuit training’, yielded 1,278,586 studies; (ii) ‘workplace’, ‘worksite’, ‘employee’, yielded 
294,056 studies; (iii) ‘intervention’ yielded 1,779,507 studies. Categories i to iii were combined 
and results limited to ‘English’ and ‘human’ to obtain a total of  2,060 studies. An additional 
16 studies were identified through reference list searches and database alerts following the 
initial search. After duplicates were removed, 1,326 studies remained of which 41 studies met 
the criteria for inclusion.  
 
 
The sample sizes of the studies ranged from 21 to 730 (Table 2.1, pg. 50), with a total of 4,230 
participants from all studies. Of the 41 studies (78%), 32 involved fewer than 100 participants. 
Both males and females were included in 20 studies (Table 2.1, pg. 50) [20, 25, 105, 106, 160, 
179-193], 11 studies included only females [21, 22, 107, 109, 194-200], eight studies included 
only males [23, 24, 26, 108, 201-204], and two studies did not specify the sex of participants 
[205, 206]. Eighteen studies involved white collar (office-based or professional) employees 
[20, 23, 24, 105, 109, 160, 179, 181-183, 187-189, 192, 193, 199, 202, 206] with six of these 
interventions being conducted in university settings. Twenty-two studies involved blue collar 
(labour-based) employees [21, 22, 25, 26, 106-108, 180, 184, 185, 190, 191, 194-198, 200, 
201, 203-205] and one study included both white and blue collar participants [186]. 
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The mean age of participants ranged from 27.8 years [182] to 52.5 years [185], however age 
was not reported in four studies [26, 108, 191, 198] (Table 2.1, pg. 50). Of the 41 studies 
reviewed, 10 targeted inactive adults [105, 108, 109, 183, 187, 189, 190, 192, 198, 200], 
three targeted overweight adults [22, 23, 107], one targeted overweight inactive adults [184], 
one targeted adults with newly diagnosed pre-diabetes or diabetes [20], one targeted adults 
with minimal symptoms of depression (sub-threshold depression) [179], while all other 
studies (n = 25) involved healthy participants (Table 2.1, pg. 50). The studies were conducted 
in a range of countries including Australia, Brazil, Denmark, Finland, Germany, Ireland, 
Netherlands, Norway, South Africa, Sweden, Taiwan, the United Kingdom and the United 
States. 
 
 
Twenty-six studies were RCTs [21-23, 25, 105-108, 179-181, 183-185, 187, 189-191, 193, 
195, 197-201, 204], seven were non-RCTs [26, 182, 186, 194, 196, 203, 205], and eight were 
uncontrolled studies [20, 24, 109, 160, 188, 192, 202, 206] (Table 2.1, pg. 50). 
 
 
The control group in 21 of the 26 RCTs came from the same cohort as the treatment group 
(Table 2.1, pg. 50) and had the same or similar numbers of participants as the treatment group 
[21-23, 105-108, 179-181, 185, 187, 189, 190, 193, 197-201, 204], while two RCTs used a 3:2 
ratio of sample size in favour of the treatment group [183, 184]. In the other three RCTs, 
different workplaces were cluster-randomised into treatment and control groups [25, 191, 195]. 
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Figure 2.1: Selection of workplace exercise interventions for review. 
 
 
Of the 41 studies, 19 incorporated a combination of aerobic and resistance exercise training 
[22, 24, 105, 106, 109, 160, 179, 180, 184, 185, 187, 189, 193, 194, 197, 201-204], 20 involved 
aerobic training only [20, 21, 23, 25, 26, 107, 182, 183, 186, 188, 190-192, 195, 196, 198-200, 
205, 206], while two involved resistance training only [108, 181] (Table 2.1, pg. 50). Two 
RCT’s [23, 107] included a diet-only control group, with comparisons made to an exercise-
only treatment group. The treatment groups in four RCT’s [105, 106, 185, 191] and one 
uncontrolled study [20] received dietary advice in addition to exercise prescription, while 
dietary information was not provided in the other studies. 
Records excluded at the abstract at 
the title/abstract level 
(n = 1246) 
Full-text articles assessed for 
eligibility 
(n = 80) 
Records identified through database searching 
(n = 2060) 
Records assessed for eligibility 
(n = 1326) 
Records after duplicates removed 
(n = 1326) 
Full-text articles excluded, with reasons: (n = 39): 
 Not workplace exercise interventions (n = 17) 
 Did not involve or did not specify the details of 
exercise prescription (n = 6) 
 Reviews, conference proceedings, proposed 
studies or theses (n = 2) 
 Were population-based e.g. large-scale 
pedometer studies (n = 4) 
 Did not assess physical activity participation or 
a component of physical fitness (n = 10) 
Studies included in qualitative 
synthesis 
(n = 41) 
Additional records identified from other 
sources (n = 16) 
Studies included in quantitative 
synthesis (meta-analysis) 
(n = 19) 
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Intervention durations ranged from six weeks [180] to four years [202]. Most commonly (18/41 
studies), the interventions were of short duration between six and twelve weeks. The remaining 
studies involved interventions ranging from fourteen weeks to four years in duration (Table 
2.1, pg. 50). 
 
 
Three exercise sessions per week were most commonly prescribed for treatment groups (15 
studies) [23, 24, 26, 105, 181, 185, 186, 188, 190, 191, 198, 201, 203, 205, 206], followed by 
two exercise sessions per week (nine studies) [25, 109, 179, 182, 183, 192, 194, 197, 200] 
(Table 2.1, pg. 50). Five studies involved a single exercise session per week [22, 106, 180, 193, 
199], whilst other studies involved two to three [21], two to four [196], three to four [108], four 
[184] or five [107, 160, 187, 204] exercise sessions per week for treatment groups. Three 
studies prescribed a minimum of 150 minutes of moderate-intensity or 60 minutes of vigorous-
intensity exercise per week for participants in treatment groups [20, 189, 195], whilst another 
study prescribed an energy expenditure goal of 105 Joules per kg of body mass (25 calories per 
kg) per week [202]. 
 
 
Exercise intensity was classified using the ACSM’s intensity thresholds for apparently healthy 
adults [36] (i.e. low = up to 64% HR max; moderate = 64-<76% HR max; vigorous = 76-<96% 
HR max). Three RCTs [183, 187, 200], two non-RCTs [178, 190] and three uncontrolled trials 
[24, 160, 188] did not specify the intensity of exercise prescribed to participants. Moderate- to 
vigorous-intensity exercise was prescribed in 23 of the 41 studies (Table 2.1, pg. 50), the most 
commonly prescribed intensity for treatment groups [20-22, 25, 105, 107, 108, 179, 181, 185, 
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186, 189, 190, 193, 195, 196, 198, 200-203, 205, 206]. Of the 33 studies providing information 
on exercise intensity, 28 met the moderate-vigorous intensity guidelines for healthy adults [36]. 
 
 
Six RCTs [108, 187, 190, 191, 198, 199] and two uncontrolled trials [109, 160] did not specify 
the duration of exercise sessions prescribed to participants. The mean ± SD exercise session 
duration prescribed in the remaining 33 studies was 45 ± 31 minutes. A mean ± SD 42 ± 30 
minutes was prescribed in 20 RCTs [21-23, 25, 105-107, 179-181, 183-185, 189, 193, 195, 
197, 200, 201, 204], a mean ± SD 50 ± 15 minutes was prescribed in seven non-RCTs [26, 182, 
186, 194, 196, 203, 205], and a mean ± SD 53 ± 50 minutes was prescribed in six uncontrolled 
trials [20, 24, 109, 188, 192, 202, 206]. 
 
 
Where possible, session volume was calculated as the product of session duration (minutes) 
and session intensity (percent heart rate reserve (HRR)) for studies prescribing aerobic training 
only. Session volume was not able to be calculated for studies involving resistance training as 
only two studies objectively specified resistance training intensity, as either 60% of one-
repetition maximum [201] or three sets of 10-12 repetitions at 10-12 repetition maximum [108]. 
For aerobic training studies where intensity was prescribed as percent heart rate maximum (HR 
max) or percent V̇O2 max, percent HRR was calculated using ACSM guidelines [36]. Overall, 
three RCTs [23, 25, 107], three non-RCTs [26, 196, 205] and one uncontrolled trial [206] 
prescribed a mean session volume of 1590 units. Session volume was not associated with study 
attrition (R2 = 0.09; p = 0.51). 
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Exercise supervision was either provided or available in 37 of the 41 studies [20-22, 24-26, 
105-109, 160, 179-182, 184-194, 196-204, 206] including 23 of the 26 RCTs (Table 2.1, pg. 
50). One RCT [105] provided 1:1 instructor to participant exercise supervision but only when 
new exercises were introduced over the course of a 6-month intervention, whilst all other 
studies that offered exercise supervision either provided access to exercise equipment with 
general gym supervision or were group exercise classes led by an instructor. Three RCTs [23, 
183, 195] and one non-RCT [205] did not offer any exercise supervision, and only one non-
RCT directly compared supervised and unsupervised exercise groups [26]. 
 
 
Thirty-one studies (six weeks to twelve months in duration) had overall attrition rates ranging 
from 0% to 30%, while one RCT did not report attrition [190]. Of the remaining studies, 
attrition rates ranged between 32% and 75%. Figure 2.2 (pg. 48) presents a scatterplot of 
attrition versus intervention duration fitted with a linear trendline (p = 0.09), with the omission 
of one study [202] which involved a 4-year intervention period (75% attrition). Type of study 
(i.e. RCT, non-RCT or uncontrolled trial) did not appear to be associated with participant 
attrition. 
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Figure 2.2: Attrition vs. intervention duration of workplace interventions 
 
 
Participants in nine studies were offered incentives (Table 2.1, pg. 50). Two were uncontrolled 
studies, one of which offered gift vouchers, a pedometer and free onsite gym membership to 
participating employees [20], and the other offered $10 reimbursement of the $25 study 
participation fee [188]. Six studies that involved incentives were RCTs, one of which offered 
monthly prizes to exercise group participants [105], one offered reduced onsite fitness centre 
memberships to all participants for the study duration [184], one provided a free pedometer to 
all participants [205], one offered reimbursement of half of the $25 participation fee to study 
completers [107], one offered cash and small giveaways (t-shirts, water bottles, gym bags) for 
participants completing follow-up assessments, and another gave free jogging suits and t-shirts 
to study participants [190]. Another study (non-RCT) offered monthly prizes [203]. 
 
2.4.2 Control groups 
No participants were blinded to the intervention or investigators’ hypotheses, as no sham 
exercise conditions were used (Table 2.1, pg. 50). One RCT used the same exercise prescription 
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for both treatment and control groups, however the control group did not participate in weekly 
self-monitoring [187]. Six RCTs offered control groups general information on maintaining a 
healthy lifestyle [21, 22, 25, 180, 185, 200, 201], and one RCT offered reduced fitness centre 
membership fees to both the control and treatment group at the beginning of the study [184]. 
A non-RCT retrospectively classified those who performed less than two exercise sessions per 
week as control participants [196].  Twenty-three studies, of which seventeen were RCTs, 
included no-treatment control groups [21, 23, 26, 105, 106, 108, 179, 181-183, 186, 189-191, 
193-195, 197-199, 203-205], six of which were wait-list control groups. 
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Table 2.1: Workplace exercise intervention characteristics 
Author (year) 
Country 
Study type N = sample                   
M/F                                     
Age y 
Control/ 
comparison 
condition 
Study purpose Intervention details/exercise 
prescription 
Dietary 
Arm 
Exercise 
supervision 
Duration Incentives 
Randomised controlled trials         
Anshel (2009)            
USA [187] 
RCT N = 65                              
0% attrition                              
Int = 29                                          
C = 36                                                 
M = 23/F = 42                                             
44.6±3 y                                                   
Inactive university 
employees 
Same 
intervention 
however did not 
participate in 
weekly self-
monitoring
Improve health 
and fitness 
>3 aerobic and 2 resistance 
exercise sessions/week at mod-
vigorous intensity. Individually-
tailored exercise program, once-
off exercise seminar and 
educational materials. Weekly 
1:1 self-monitoring with a 
personal trainer using an 
exerciser checklist designed to 
encourage adherence to targeted 
exercise behaviours 
No General gym 
onsite 
8 weeks None 
Atlantis (2006)     
Australia [105] 
RCT  N = 42                                          
74% attrition                                   
Int = 19                                    
C = 23            
Analysis based on 
ITT (N = 73)                             
M = 20/F = 22                                        
32±8 y                                              
Inactive casino 
employees 
Waitlist-control 
no intervention 
Improve fitness 
and reduce body 
weight 
Total exercise >150 min/week. 
Aerobic exercise 20min >3 
days/week and resistance 
exercise 30min >3 days/week at 
moderate to vigorous intensity. 
Five health education seminars, 
optional 1:1 exercise and diet 
counselling (60min/month) 
No General gym 
onsite. 
Supervision 
was 1:1 for 
introduction of 
each new 
exercise 
program (every 
4 weeks) 
6 months Monthly prizes 
woth a total 
$140 AUD for 
participants in 
exercise group 
Barene (2014)  
Norway [21] 
Cluster RCT N = 74                         
31% attrition                                    
Int = 49                                
C = 25     
Analysis based on 
ITT (N = 107)                                     
M = 0/F = 70                                        
45.8 ± 9.3 y                                       
Hospital employees 
No intervention Improve health 
and fitness 
Soccer: Two to three x 60min 
group sessions per week (small-
sided indoor soccer matches) at 
moderate-vigorous intensity.                
Zumba: Two to three x 60min 
group sessions per week at 
moderate-vigorous intensity 
No Soccer: Group 
onsite with 
gradual 
reduction in 
supervision 
after week 12.         
Zumba: Group 
off-site 
9 months None 
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Table 2.1 (continued) 
Author (year) 
Country 
Study type N = sample                   
M/F                                     
Age y 
Control/ 
comparison 
condition 
Study purpose Intervention details/exercise 
prescription 
Dietary 
Arm 
Exercise 
supervision 
Duration Incentives 
Brox (2005)           
Norway [106] 
RCT N = 81                               
32% attrition               
Int = 39                                
C = 42      
Analysis based on 
ITT (N = 119)                                                               
M = 4/F = 115 
(baseline)                              
42.5 y                                  
Nursing home 
employees 
No intervention Improve fitness, 
health-related 
quality of life 
and reduce sick 
leave 
Weekly 60min group sessions 
included light aerobic, resistance 
and flexibility exercise. Classes 
regarding physical exercise, 
nutrition, and stress management 
also offered 
No Group onsite 6 months None 
Christensen 
(2012)            
Denmark [22] 
Single-blind 
cluster RCT 
N = 83                                                                  
15% attrition                                                 
Int = 47                                              
C = 36       
Analysis based on 
ITT (N = 98)                                                                                     
M = 0/F = 83                                                   
45.5±9.5 y                                                             
Overweight health 
care workers 
Monthly diet
and general
health 
presentations 
Reduce body 
weight 
Weekly 60min group sessions 
included 15min resistance 
training months 0-6 and 15min 
circuit training months 6-9 at 
>70% HR max. Remainder of 
each session involved dietary 
advice and cognitive behaviour 
training. Goal for months 9-12 
was twice-weekly participation 
in various local sports activities. 
Additional 2 hours/week of 
LTPA  including 2 home-based 
resistance exercise sessions/week 
throughout study period 
No Group onsite 12 months None 
Dalager (2016) 
Denmark [193] 
Single-blind 
RCT 
N = 274 
30% attrition 
Int = 139                                    
C = 135 
Analysis based on 
ITT (N = 389)                                    
M = 101/F = 288                                   
44±11 y (Int)                                      
45±10 y (C)                                   
Office workers 
No intervention Improve health 
and fitness 
One x 1-hour individually-
tailored aerobic and resistance 
exercise sessions/week at 77-
95% HR max, RPE 14-17, plus 
advised to perform an additional 
3 hours/week of moderate 
physical activity during leisure 
time 
No Group onsite 12 months None 
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Table 2.1 (continued) 
Author (year) 
Country 
Study type N = sample                   
M/F                                     
Age y 
Control/ 
comparison 
condition 
Study purpose Intervention details/exercise 
prescription 
Dietary 
Arm 
Exercise 
supervision 
Duration Incentives 
De Zeeuw (2010)   
Netherlands [179] 
RCT N = 27                                      
11% attrition                                      
Int = 14                                     
C = 13                                   
M = 16/F = 14 
(baseline)                                         
41.3±6.5 y (Int)                                             
41±8.3 y (C)                         
Minimally 
depressed inactive 
insurance company 
employees 
Waitlist-control 
no intervention 
Improve fitness 
and mental 
well-being 
Two x 30-40min individually-
tailored aerobic and resistance 
exercise sessions/week at 60-80% 
HR max 
No Group onsite 10 weeks None 
Edries (2013)                     
South Africa 
[180] 
RCT N = 80                                           
0% attrition                                        
Int = 39                                   
C = 41                                 
M = 10/F = 70                                             
37.3±9.87 y (Int)                                           
34.8±11.50 y (C)                                             
Clothing 
manufacturing 
company employees 
One-off health 
promotion and 
motivational 
talk with 
pamphlets
provided
Improve health 
and well-being 
Weekly 60min group session 
comprising 30min health 
promotion talk and 30min low to 
moderate intensity aerobic and 
resistance exercise class 
No Group onsite 6 weeks None 
Gazmararian 
(2013)                             
USA [189] 
Cluster RCT N = 381                                               
7% attrition                                                  
Int = 316                                                              
C = 65                                                             
M = 132/F = 278 
(baseline)                                              
21-73 y                                                  
Inactive non-faculty 
university 
employees 
No intervention Increase PA 
level 
30min moderate intensity exercise 
(>5 days/wk) or 20min vigorous 
intensity exercise (>3 days/wk).                                                
Intervention groups were:                            
(1) Free gym membership;                          
(2) Free gym membership and 
educational materials;                                         
(3) Free gym membership and 
permitted 30min to exercise 
during work hours each day;                                            
(4) Free gym membership, 
educational materials and 
permitted 30min to exercise 
during work hours each day 
No General gym 
onsite 
9 months A combination 
of cash 
incentives and 
small giveaways 
(e.g. T-shirt, 
water bottle, 
gym bag) was 
employed to 
encourage 
continued 
participation 
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Table 2.1 (continued) 
Author (year) 
Country 
Study type N = sample                   
M/F                                     
Age y 
Control/ 
comparison 
condition 
Study purpose Intervention details/exercise 
prescription 
Dietary 
Arm 
Exercise 
supervision 
Duration Incentives 
Gerdle (1995)                          
Sweden [197] 
RCT N = 77                             
19% attrition                
Int = 32                             
C = 45                              
M = 0/F = 77                  
41.7±12.9 y (Int)                       
40.3±12.6 y (C)      
Home care workers 
No intervention Improve fitness 
and 
musculoskeletal 
pain 
Two x 60min group aerobic, 
resistance and flexibility sessions 
per week. Intensity target for 
aerobic activity was 
approximately 120bpm 
No Group onsite 12 months None 
Gram (2012)              
Denmark [201] 
RCT N = 65                                       
3% attrition                                   
Int = 34                                    
C = 31 
Analysis based on 
ITT (N = 67)                                    
M = 65/F = 0                                   
44±11.1 y (Int)                                      
43±10 y (C)                                   
Construction 
workers 
One-off lecture 
on general 
health
promotion 
Improve fitness Three x 20min aerobic (>70% 
V̇O2 max) and resistance (60% 
1RM) exercise sessions/week 
No General gym 
for 2 of 3 
weekly 
exercise 
sessions 
onsite or 
nearby 
workplace 
12 weeks None 
Grandjean (1996)                       
USA [198] 
RCT N = 37                             
0% attrition                          
Int = 20                    
C = 17                           
M = 0/F = 37                                      
Inactive 
Westinghouse 
Corporation 
employees 
No intervention Improve health 
and fitness 
Minimum 3 aerobic 
sessions/week at 60-80% V̇O2 
max 
No General gym 
onsite 
6 months None 
Heath (1984)                       
USA [107] 
RCT N = 21                                              
56% attrition                                                    
Int = 13 
C = 8                                                  
M = 0/F = 21                                      
22-57 y                                                           
Overweight hospital 
employees 
Diet-only group, 
received 500 
calorie deficit 
meal plans & 
weekly info 
sessions on diet
Reduce body 
weight and 
coronary heart 
disease risk 
factors 
including fitness 
Three groups: (1) Diet - control; 
(2) Exercise; (3) Exercise + diet. 
Five x 20-30min aerobic exercise 
sessions/week at 70-85% HR max 
for those in exercise or exercise + 
diet groups 
Yes Group onsite 12 weeks Half of the $25 
participation fee 
was reimbursed 
to study 
completers 
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Table 2.1 (continued) 
Author (year) 
Country 
Study type N = sample                   
M/F                                     
Age y 
Control/ 
comparison 
condition 
Study purpose Intervention details/exercise 
prescription 
Dietary 
Arm 
Exercise 
supervision 
Duration Incentives 
Jay (2011)                    
Denmark [181] 
Single-blind 
RCT 
N = 35                                             
13% attrition                                         
Int = 17                                           
C = 18 
Analysis based on 
ITT (N = 40)                                      
M = 6/F = 34 
(baseline)                                           
44 y                                              
Pharmaceutical 
company employees 
No intervention Improve 
musculoskeletal 
and 
cardiovascular 
health, increase 
fitness 
Three x 20min moderate to 
vigorous intensity kettlebell 
exercise sessions/week 
No Group onsite 8 weeks None 
Korshoj (2016) 
Denmark [25] 
Cluster RCT N = 76 
36% attrition 
Int = 35 
C = 41 
Analysis based on 
ITT (N = 116) 
M = 28/F = 88 
44.9±9.2 y (Int) 
45.7±8.1 y (C) 
Cleaners                                      
Two x 2-hour 
lectures on 
healthy living 
but not PA 
Improve health 
and fitness 
Two x 30min aerobic exercise 
sessions/week at >60% V̇O2 max. 
No Group onsite 12 months None 
Lee (1997)             
Australia [199] 
RCT N = 32                                 
14% attrition                 
Int = 16                            
C = 16                                
M = 0/F = 32                
48.4 y                               
University 
employees 
No intervention Increase PA 
level, improve 
health and 
fitness 
Weekly aerobic exercise and 
education session. Exercise was 
usually walking at approx 60% 
HRR. Instructed to perform an 
additional 2-3 self-administered 
exercise sessions weekly. 
Educational material on exercise 
provided 
No Group onsite 12 weeks None 
Murphy (2006)         
Ireland [183] 
RCT                                      
3:2 Int:C ratio 
N = 33                                    
12% attrition                                     
Int = 21                                
C = 12                                      
M = 13/F = 24 
(baseline)                                   
41.5±9.3 y                                      
Inactive civil 
servants 
No intervention Increase PA 
level and 
improve CVD 
risk factors 
Week 1: 2 x 25min walk                  
Week 2: 2 x 35min walk                  
Weeks 3-8: 2 x 45min walk              
All walking was self-paced and 
performed outdoors 
No None 8 weeks None 
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Table 2.1 (continued) 
Author (year) 
Country 
Study type N = sample                   
M/F                                     
Age y 
Control/ 
comparison 
condition 
Study purpose Intervention details/exercise 
prescription 
Dietary 
Arm 
Exercise 
supervision 
Duration Incentives 
Oden (1989)                    
USA [190] 
RCT N = 45                                              
Attrition not 
reported                                           
Int = ?                                             
C = ?                                                    
M = 9/F = 36                                              
Int = 29.3±6.6 y                                               
C = 29.2±7.7 y                                                 
Inactive 
Westinghouse 
Corporation 
employees 
No intervention Improve job 
satisfaction, 
work-related 
stress and 
objectively 
measured 
worker 
productivity 
Minimum 3 aerobic 
sessions/week at 60-80% HR 
reserve 
No Group onsite 6 months Jogging suits 
and t-shirts 
given to 
participants in 
both control and 
exercise groups 
Ostwald (1989)                            
USA [191] 
RCT N = 422 
13% attrition                                             
Int = 78                                       
C = 343                                             
Male = 76.4% 
Female = 23.6%                        
69% < 30 y                                                           
Printing company 
workers                                   
No intervention 
and did not
participate in 
post-
intervention 
physical testing 
Improve diet 
and PA level 
Mild: One educational seminar, 
blood tests, monthly newsletter on 
exercise and nutrition.                            
Moderate: Mild intervention with 
health screening and fitness test, 
access to exercise facility, general 
exercise guidelines.                                     
Intensive: Moderate intervention 
with individual interpretation of 
results, individual exercise 
prescription, supervised aerobic 
exercise 3 days/week, a free daily 
low-fat meal from cafeteria and 
dietary advice 
No Moderate: 
general gym 
onsite. 
Intensive: 
group onsite 
12 weeks None 
Pressler (2010)            
Germany [184] 
RCT                                       N = 77                                  
27% attrition                                   
Int = 50                                      
C = 27                                    
M = 68/F = 9                                              
48 (25-60) y                                                                
Overweight, 
inactive automobile 
manufacturer 
employees 
Provided with a 
HR monitor and 
individual 
exercise 
intensity at
beginning of
study. Offered 
reduced 
membership fee 
to onsite fitness 
centre 
Improve health 
and fitness 
1500 MET·min·wk-1 of PA. One 
resistance and 3 aerobic 
sessions/week at 60-70% HR 
max, increasing from 30 to 70min 
over 12 weeks. 
No General gym 
onsite 
12 weeks Reduced 
membership fee 
to onsite fitness 
centre for both 
control and 
exercise groups 
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Table 2.1 (continued) 
Author (year) 
Country 
Study type N = sample                   
M/F                                     
Age y 
Control/ 
comparison 
condition 
Study purpose Intervention details/exercise 
prescription 
Dietary 
Arm 
Exercise 
supervision 
Duration Incentives 
Pritchard (2002)           
Australia [23] 
RCT  N = 58                                        
14% attrition                                      
Int = 39                                    
C = 19                                                 
M = 58/F = 0                                                
43.4±5.7 y                                                     
Overweight business 
corporation 
employees 
Wait-list 
control. After 
the initial 12 
months they
were offered to 
participate in a
combined diet 
and exercise 
group for 12 
months 
Reduce body 
weight and 
CVD risk 
Diet group: Low fat diet (25% 
dietary energy) and personalised 
diet plan to achieve negative 
energy balance of approx 500 
kcal/day.                                                              
Exercise group: Minimum 3 x 
30min self-selected aerobic 
exercise sessions/week above pre-
study exercise level at 65-75% 
HR max.                                            
Diet + Exercise: Combination of 
diet and exercise interventions 
Yes None 12 months None 
Ribeiro                    
(2014)                       
Brazil [200] 
RCT N = 195                         
20% attrition            
Int = 148                      
C = 47                                 
M = 0/F = 195                    
40-50 y                         
Inactive hospital 
employees 
Monthly 15min 
sessions on the 
benefits of PA 
and a booklet on 
how to increase 
PA 
Increase PA 
level and 
improve 
anthropometric 
measures 
Pedometer-based individual 
counselling (PedIC): received a 
pedometer and three individual 
15min sessions on increasing PA; 
goal was to increase current steps 
by 2000/day.                                
Pedometer-based group 
counselling (PedGC): participants 
received a pedometer and 8 x 
60min group sessions on 
increasing PA, same step target as 
PedIC.                                     
Aerobic: 24 sessions, twice per 
week (30-40min) including 
treadmill walking at mod-vig 
intensity 
No Group onsite 12 weeks None 
Schwarz (2008)                
Sweden [195] 
Cluster RCT N = 177                                     
10% attrition                              
Int = 112                                    
C = 65                                      
M = 0/F = 177                                      
46.6 y                              
Dentistry employees 
No intervention Improve health 
and increase PA 
level 
(1) Exercise: 150min of self-
selected weekly exercise at 55-
89% HR max (during work hours) 
for full-time employees & scaled 
for part-time employees.                                                          
(2) Reduced hours: Working 
hours reduced from 40 to 37.5 
(full-time) and scaled for part-
time 
No None 12 months None 
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Table 2.1 (continued) 
Author (year) 
Country 
Study type N = sample                   
M/F                                     
Age y 
Control/ 
comparison 
condition 
Study purpose Intervention details/exercise 
prescription 
Dietary 
Arm 
Exercise 
supervision 
Duration Incentives 
Strijk (2012)               
Netherlands [185] 
RCT N = 575                                             
21% attrition                                            
Int = 293                                     
C = 282 
Analysis based on 
ITT (N = 730)                                    
M = 146/F = 429                                       
52.5±4.9 y                                    
Hospital workers 
Information 
about a healthy
lifestyle in 
general 
Improve 
lifestyle 
behaviours (PA, 
fruit intake) and 
vitality-related 
outcomes 
(fitness, mental 
health & need 
for recovery 
after work) 
Information about a healthy 
lifestyle in general. 3 x 45min 
sessions/week. 1. Yoga. 2. 
Aerobic and resistance training at 
65-90% HR max. 3. 
Unsupervised vigorous PA 
session at similar intensity to 
workout session. Free fruit 
provided at yoga and workout 
sessions 
No Group onsite 6 months None 
Vilela (2015) 
Brazil [204] 
Single-blind 
RCT 
N = 60 
0% attrition 
Int = 30 
C = 30 
M = 60/F = 0 
25-35 y 
Chemical plant 
employees 
No intervention Improve health 
and fitness 
Five x 15min aerobic, resistance 
and flexibility sessions/week, 
intensity not specified 
No Group onsite 16 weeks None 
Zavanela (2012)            
Brazil [108] 
RCT N = 96                                                   
38% attrition                                           
Int = 48                                    
C = 48                                      
M = 96/F = 0                                          
Inactive bus drivers 
No intervention Improve health 
and fitness 
Resistance training program as:                                                         
Weeks 1-8: 3 sessions/week; full-
body program.                                               
Weeks 9-24: 4 sessions/week; 
split-body program.                                               
Subjects required to complete 
85% of prescribed sessions for 
study inclusion.                                                           
3 sets of 10-12 reps at 10-12RM 
with 1min rest between sets and 
exercises 
No General gym 
onsite 
6 months None 
Non-randomised controlled trials         
Allen (1987)       
USA [196] 
Non-RCT N = 22                      
0% attrition                      
Int = 17                             
C = 5                                    
M = 0/F = 22                                      
21-57 y                                     
Hospital employees 
Same 
intervention 
however 
participated in 
fewer than two 
sessions per 
week  
Improve fitness Aerobic fitness program 2-4 x 25-
40min sessions per week 
including warmup & cooldown. 
Intensity was 60-80% HRR. 
Educational seminars offered 
No Group onsite 6-12 
months 
None 
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Table 2.1 (continued) 
Author (year) 
Country 
Study type N = sample                   
M/F                                     
Age y 
Control/ 
comparison 
condition 
Study purpose Intervention details/exercise 
prescription 
Dietary 
Arm 
Exercise 
supervision 
Duration Incentives 
King (1988)                     
USA [203] 
Non-RCT N = 38                                                    
0% attrition                                            
Int = 22                                             
C = 16                                              
M = 38/F = 0                                                  
44.9±11.3 y (Int)                                                       
Blue-collar 
university 
employees 
No intervention Increase PA 
level 
Minimum 3 x 30min aerobic 
exercise sessions/week at 70-80% 
HR max. Two x 90min group 
resistance and aerobic exercise 
sessions/week provided onsite 
No Group onsite 16 weeks Monthly prizes 
including 
"heart-healthy" 
lunches, T-
shirts, tickets to 
local sporting 
events for 
participants in 
exercise group 
only 
Li (2006)                      
Taiwan [182] 
Non-RCT N = 38                                     
30% attrition                       
Int = 10                                       
C = 28                                      
M = 18/F = 20                                         
29.3±3 y (Int)                                  
27.8±4.1 y (C)                                
High-tech company 
employees 
No intervention Improve health 
and fitness 
Two x 60min aerobic, balance 
and flexibility exercise 
sessions/week. Intensity not 
specified 
No Group onsite 12 weeks None 
Pohjonen (2001)            
Finland [194] 
Non-RCT N = 70                                            
20% attrition                                             
Int = 36                                                
C = 34                                                 
M = 0/F = 70                                                                   
41.8±10.4 y (Int)                                              
43.3±8.8 y (C)                                              
Home care workers 
No intervention Improve health 
and fitness 
1 x 60min aerobic and 1 x 60min 
resistance exercise session per 
week at mod-vigorous intensity 
No Group onsite 9 months None 
Puterbaugh 
(1983)                                
USA [26] 
Non-RCT N = 27                                      
0% attrition                                        
Int = 19                                          
C = 8                                                  
M = 27/F = 0                                                      
22-48 y                                               
Firemen 
No intervention Improve fitness 
and reduce body 
weight 
Three x aerobic exercise 
sessions/week involving a 15min 
warmup and 40min running at 
75% HR max. One group was 
supervised, another group was 
unsupervised. Both received the 
same exercise prescription 
No Group off-site 
for supervised 
group, no 
supervision 
for 
unsupervised 
group 
12 weeks None 
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Table 2.1 (continued) 
Author (year) 
Country 
Study type N = sample                   
M/F                                     
Age y 
Control/ 
comparison 
condition 
Study purpose Intervention details/exercise 
prescription 
Dietary 
Arm 
Exercise 
supervision 
Duration Incentives 
Tsai (2011)                      
Taiwan [186] 
Non-RCT N = 117                                                
14% attrition                                  
Int = 69                                        
C = 48                                         
M = 40/F = 77                                  
36.5±6.9 y (Int)                                  
34.2±5.6 y (C)                                  
107 office workers 
and 10 physical 
labor employees 
No intervention 
and did not 
participate in 
post-
intervention 
physical testing 
Improve health 
and fitness 
Three x 60min aerobic and 
flexibility sessions/week at 
moderate-vigorous intensity 
No Group off-site 12 weeks None 
Yuan (2009)                   
Taiwan [205] 
Non-RCT N = 86                                           
5% attrition                                  
Int = 45                                      
C = 41                                          
M = ? F = ?                                              
35 y (Int)                                                 
31 y (C)                                           
Nurses 
No intervention Improve health 
and fitness 
Stair-stepper 20-30min at 70-85% 
HR max ≥3 days/week 
No None 12 weeks Pedometer 
given to 
participants in 
both control and 
exercise groups 
Uncontrolled trials         
Aldana (2006)                     
USA [20] 
Uncontrolled N = 35                                   
5% attrition                                        
M = ?/F = ?                                        
46 y                                                        
Pre-diabetic or 
diabetic medical 
company employees 
N/A Improve health 
and fitness 
(diabetes 
prevention 
program) 
>150min moderate to vigorous 
weekly aerobic exercise with 
target weight loss of at least 7% 
body mass. Educational sessions 
and material on diet and exercise 
No General gym 
onsite 
12 months Gift vouchers 
totalling $15 
USD, free 
onsite gym 
membership 
including 
classes and a 
free pedometer 
Alkhatib (2015)  
UK [192] 
Uncontrolled N = 22 
0% attrition 
M = 7/F = 15 
50.7±10.2 y     
University 
employees                                                
N/A Improve health 
and fitness 
2 x 25min moderate-intensity 
(speed and HR approximating 
ventilatory threshold) aerobic 
(treadmill) exercise sessions per 
week 
No General gym 
onsite 
10 weeks None 
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Table 2.1 (continued) 
Author (year) 
Country 
Study type N = sample                   
M/F                                     
Age y 
Control/ 
comparison 
condition 
Study purpose Intervention details/exercise 
prescription 
Dietary 
Arm 
Exercise 
supervision 
Duration Incentives 
Anshel (2010)            
USA [160] 
Uncontrolled N = 164                                        
14% attrition                                  
M = 44/F = 120                                 
47.6±10 y                                 
University 
employees 
N/A Improve fitness 
and mental well-
being 
3 aerobic and 2 resistance exercise 
sessions/week at mod-vigorous 
intensity. Individually-tailored 
exercise program, once-off 
orientation seminar and educational 
materials. Weekly 1:1 session with 
fitness coach (exercise science 
graduate) for exercise 
instruction/discussion, optional bi-
weekly group seminar on mental 
health (licenced psychologist) 
No General gym 
onsite 
10 weeks None 
Bjurstrom (1978)                      
USA [188] 
Uncontrolled N = 179                               
22% attrition                               
M = 112/F = 67                               
41.1±10.9 y                                 
Education 
department 
employees 
N/A Improve health 
and fitness 
Three x 60min group sessions per 
week included 25-30min aerobic 
exercise plus warm-up and cool 
down. Intensity not specified. 
Educational program consisted of 
bi-weekly seminars on CVD risk 
factors and their modification 
No Group onsite 15 weeks Reimbursement 
of $10 of the 
$25 enrolment 
fee if attended 
half of the 
seminars 
Leaf (1997)                
USA [202] 
Uncontrolled N = 34                                               
45% attrition at 12-
months, 75% 
attrition at 4-years                                           
M = 137/F = 0                                              
42.9±9.8 y                                       
Corporate 
employees 
N/A Improve health 
and fitness 
Individualised exercise program 
with a weekly caloric expenditure 
goal of 25 cal/kg of body mass. 
30min aerobic and resistance 
exercise bout at 60-80% HRR per 
session was prescribed 
No General gym 
onsite 
4 years None 
Pauly (1982)       
USA [206] 
Uncontrolled N = 73                                       
0% attrition                    
Int = 73                             
M = ?/F = ? (M + F 
were involved)                         
36 (18-59) y                      
Printing company 
employees 
N/A Improve health 
and fitness 
Three x 20min weekly aerobic 
sessions at 65-85% HR max 
No General gym 
onsite 
14 weeks None 
  
 
6
1
 
Table 2.1 (continued) 
C, control group; CT, controlled trial; F, female; HR, heart rate; HRR, heart rate reservy; Int, intervention group; M, male; RCT, randomised controlled trial; y, years.
Author (year) 
Country 
Study type N = sample                   
M/F                                     
Age y 
Control/ 
comparison 
condition 
Study purpose Intervention details/exercise 
prescription 
Dietary 
Arm 
Exercise 
supervision 
Duration Incentives 
White (2003)                    
USA [109] 
Uncontrolled N = 30                                      
Attrition = 57%                                                 
Int = 30                                                
M = 0/F = 30                                         
43.3±9.4 y                                   
Inactive university 
employees 
N/A Improve health 
and fitness 
Two classes per week as:                          
Weeks 1-2: Behaviour change 
sessions.                                                         
Weeks 3-6: Walking/low impact 
activities.                                                       
Weeks 6-9: Weight training.                                  
Weeks 10-12: Indoor cycling 
(including sprints and hill 
climbs).                                          
Encouraged to complete an 
additional 1-3 exercise sessions 
per week in own time 
No Group onsite 12 weeks None 
Yarvote (1974)                        
USA [24] 
Uncontrolled N = 110                             
64% attrition               
Int = 110                             
M = 110/F = 0                  
46.4±7.3 y                         
Executives 
N/A Improve health 
and fitness 
Three x 60min circuit-based 
exercise sessions per week 
including both aerobic and 
resistance exercises at mod-
vigorous intensity 
No General gym 
onsite 
12 months None 
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2.4.3 Outcome measures 
A rating of the strength of evidence for each outcome is presented in detail in Table 2.6 (pg. 113) and 
summarised in Figure 2.3 (pg. 63). 
 
 
Of the 11 studies that measured physical activity participation (Table 2.2, pg. 64), five RCTs [106, 179, 
189, 195, 200] reported greater increases in weekly physical activity participation for a treatment versus 
control group (interaction), one of which included adults with minimal symptoms of depression [179], 
and two of which included inactive adults [189, 200]. One RCT [180] involving healthy employees 
reported an increase in weekly physical activity participation for the treatment group but not control 
group (time effect; interaction effect not reported) from baseline to the end of a 6-week aerobic and 
resistance training intervention performed once per week. Four RCTs [23, 184, 185, 199], two of which 
included overweight adults [23, 184], reported no differences in the change to physical activity volume 
between treatment and control groups. All studies that measured physical activity used qualitative self-
report methods with the exception of three RCTs, two of which included either inactive [200] or 
overweight inactive [184] employees. Of these three RCTs, one used accelerometry in addition to 
qualitative methods (no interaction effect for the change in physical activity volume was found using 
either method in this study) [185], and two used pedometers to measure daily step counts [184, 200].  
 
There were no common associations between the type of study, exercise prescription, or target 
population and changes in physical activity participation, although higher attrition was generally 
observed in studies reporting no increases to physical activity [184, 185, 202]. With respect to changes 
in physical activity participation, the strength of evidence was graded as very low given the moderate 
risk of bias (Table 2.5, pg. 95), inconsistency, indirectness and imprecision of results (Table 2.6, pg. 
113). The overall difference in change to physical activity participation between treatment and control 
groups included in the meta-analysis was not significant (Figure 2.3, pg. 63). Three studies were 
 63 
 
included in the meta-analysis, and a random effects model was used to account for heterogeneity (Chi 
square: p < 0.1; Cochrane’s I2 = 58%). Standardised mean difference were used for effects to account 
for differences in measurement techniques between studies, as one study reported days per week of 
moderate and vigorous-intensity physical activity above 30 minutes and 20 minutes respectively [179], 
while the remaining two studies reported time spent in moderate and vigorous-intensity physical activity 
per week [185, 199]. 
 
 
Figure 2.3: Effect of workplace exercise vs. no-exercise control on changes to physical activity participation 
(minutes per week).  
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Table 2.2: Physical activity outcomes for workplace exercise interventions 
Author (year)       
Country 
Group Measure Pre Post Follow-up 1 Followup 2 Significance 
(time) 
Significance 
(group x time) 
Randomised controlled trials        
Brox (2005)           
Norway [106] 
 LTPA       
 Treatment   Increased in 48% of 
participants 
  N/A p<0.01 
 Control   Increased in 14% of 
participants 
  N/A  
De Zeeuw (2010)   
Netherlands [179] 
 Moderate intensity 
physical activity 
(days/week of at least 
30min) 
      
 Treatment  1.9±1.0 3.6±1.5   N/A p<0.05 
 Control  2.0±1.3 2.5±1.6   N/A  
  Vigorous intensity 
physical activity 
(days/week of at least 
20min) 
      
 Treatment  0.7±0.8 2.7±1.5   N/A p<0.01 
  Control   1.3±0.6 1.2±1.0     N/A  
Edries (2013)                     
South Africa [180] 
Participation in 
strengthening/stretching 
exercises per week 
       
 Treatment   87% improved   p<0.01 N/A 
 Control   58% improved   NS  
  Participation in walking 
for exercise per week 
      
 Treatment   77% improved   p<0.004 N/A 
 Control   57% improved   NS  
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Table 2.2 (continued) 
Author (year)       
Country 
Group Measure Pre Post Follow-up 1 Follow-up 2 Significance 
(time) 
Significance 
(group x time) 
Edries (2013)                     
South Africa (con’t) 
 Participation in swimming 
for exercise per week 
      
 Treatment   60% improved   NS N/A 
 Control   56%improved   NS  
  Participation in cycling for 
exercise per week 
      
 Treatment   100% improved   p=0.023 N/A 
 Control   72% improved   NS  
  Participation in other 
aerobic exercise per week 
      
 Treatment   81% improved   p=0.024 N/A 
  Control     63% improved     NS  
Gazmararian (2013)                            
USA [189] 
Days/week of at least 
30min moderate or 20min 
vigorous PA 
 (estimate rate 
ratios vs. control 
group) 
   vs. control group 
 Gym  2.4±2.3 2.9 (RR 1.22)    NS 
 Gym + 
education 
 1.5±1.8 3.6 (RR 1.51)    p<0.05 
 Gym + time  2.0±2.2 3.5 (RR 1.46)    p<0.05 
 Gym + 
education + 
time 
 2.0±1.8 3.0 (RR 1.28)    p<0.05 
 Control  2.0±2.1 2.4      
Lee (1997)             
Australia [199] 
 Time spent in mod/hard 
exercise (min/wk) 
      
 Treatment  146.8±175.5 231.6±229.7 120.0±197.3 156.4±188.7 NS at 12 weeks NS at 12, 24 or 
48 weeks 
 Control  145.8±203.7 135.4±151.0 209.6±180.9 170.9±162.1 NS at 12 weeks  
Pressler (2010)            
Germany [184] 
 Daily step count       
 Treatment  7181±6482 8757±5022   NS NS 
  Control   6947±3092 6836±4558     NS  
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Table 2.2 (continued) 
Author (year)       
Country 
Group Measure Pre Post Follow-up 1 Follow-up 2 Significance 
(time) 
Significance (group x 
time) 
Pritchard (2002)           
Australia [23] 
  PA level (daily activity 
index) 
            
 
Diet 
 
1.3±0.2 1.3±0.1 
  
NS NS vs. control 
 
Exercise 
 
1.3±0.2 1.6±0.2 
  
p<0.05 
 
Diet + 
Exercise 
 
1.4±0.1 1.6±0.2 
  
p<0.05 
 
Control 
 
1.3±0.1 1.4±0.1 
  
NS 
 
Ribeiro (2014)                       
Brazil [200] 
  Daily step count   3 months 
Change (95% CI) 
6 month  
Change (95% CI) 
      
 PedIC  10389±909 Δ+512  
(+158 to +866) 
Δ+444 
(+153 to +736) 
  p<0.001 at 3 months, 
NS at 6 months (Post 
hoc: PedIC vs control 
and PedGC vs control 
p<0.05 at 3 months; 
PedGC vs PedIC 
p<0.05 at 3 months; 
PedGC vs aerobic 
p<0.05 at 3 months) 
 PedGC  10083±905 Δ+1475 
(+1041 to +1910) 
Δ+636 
(-56 to +1328) 
  
 Aerobic  9733±646 Δ+234 
(-489 to +957) 
Δ+367 
(-326 to +1059) 
  
 Control  10282±1338 Δ-597 
(-1026 to +168) 
Δ-110 
(-278 to +59) 
  
  No. moderate-intensity steps       
 PedIC  4904±589 Δ+137 
(+38 to +236) 
Δ+153 
(-46 to +352) 
  p<0.001 at 3 months, 
NS at 6 months (Post 
hoc: PedGC vs control 
and PedGC vs PedIC 
p<0.05 at 3 months) 
 PedGC  4777±521 Δ+845 
(+506 to +1184) 
Δ+366 
(-59 to +791) 
  
 Aerobic  4625±550 Δ+235 
(+62 to +407) 
Δ+38 
(-374 to +449) 
  
 Control  4806±786 Δ-118 
(-194 to -43) 
Δ-85 
(-272 to +103) 
  
Schwarz (2008)                  
Sweden [195] 
  Self-rated PA level            
 Exercise      p<0.001 
(increase) 
p<0.001; Increase in 
PA was significantly 
greater in exercise 
group compared to 
reduced hours 
(p=0.024) and control 
group (p<0.001) 
 Reduced 
hours 
     p<0.001 
(increase) 
 Control      p<0.001 
(increase) 
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Table 2.2 (continued) 
Author (year)       
Country 
Group Measure Pre Post Follow-up 1 Follow-up 2 Significance 
(time) 
Significance  
(group x time) 
Strijk (2012)               
Netherlands 
[185] 
PA by SQUASH: Sports 
(min/week) 
      
 Treatment  134.6±139.2 209.9±192.1   N/A p<0.05 
 Control  133.9±139.8 169.0±177.5   N/A  
  PA by SQUASH: Vigorous 
PA (min/week) 
      
 Treatment  356.9±300.8 516.4±655.0   N/A NS 
 Control  362.9±292.7 473.2±579.7   N/A  
  PA by SQUASH: Moderate-
vigorous PA (min/week) 
      
 Treatment  830.4±611.6 1091.3±832.4   N/A NS 
 Control  827.4±620.9 1092.0±264.6   N/A  
  PA by accelerometry: 
Vigorous PA (min/week) 
      
 Treatment  12.7±33.6 20.3±34.4   N/A NS 
 Control  13.9±35.3 12.4±28.3   N/A  
  PA by accelerometry: 
Moderate-vigorous PA 
(min/week) 
      
 Treatment  224.3±173.8 244.6±141.2   N/A NS 
  Control   220.2±156.4 229.8±103.6     N/A  
Uncontrolled trials        
Leaf (1997)                
USA [202] 
 LTPA (kcal/week)       
 Treatment  1933.8±1637.0 1437±1621.3 2348.6±206.4  NS N/A 
Δ, change; CI, confidence interval; LTPA, leisure-time physical activity; N/A, not available; NS, not significant; PA, physical activity; SQUASH, the short questionnaire to assess health-enhancing 
physical activity. Data are presented as mean±SD unless otherwise specified. 
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2.4.4 Physical fitness 
 
Of the 34 studies that measured CRF (Table 2.3, pg. 71), 10 RCTs [21, 25, 105, 179, 187, 190, 193, 
198, 199, 201], five of which involved inactive employees [105, 179, 187, 190, 198], and three non-
RCTs [194, 203, 205] all involving healthy employees reported greater CRF increases for a treatment 
versus control group (interaction). One RCT [191] and two non-RCTs [26, 196] involving healthy 
employees reported increases for a treatment but not control group (time effect). Seven uncontrolled 
studies [20, 24, 109, 160, 188, 192, 206], three of which involved either inactive [109] or individuals 
with pre-diabetes or diabetes [20] reported increases to CRF for treatment groups. Seven RCTs [22, 
106, 181, 183-185, 197] and one non-RCT [182], three of which involved either inactive [183], 
overweight [22], or overweight inactive [184] employees, reported no between-group differences in the 
change to CRF. One RCT involving overweight employees [107] found improvements to CRF for a 
treatment group but did not report interaction statistics with the control group. Additionally, CRF did 
not change for two uncontrolled treatment groups involving healthy employees [186, 202]. The most 
common method used to assess CRF was a submaximal aerobic fitness test conducted on a treadmill 
(nine studies) [20, 24, 105, 107, 160, 183, 187, 190, 198], stationary cycle ergometer (10 studies) [22, 
109, 179, 181, 188, 193, 196, 197, 201, 206], athletics track (three studies) [106, 185, 199] or step test 
(five studies) [25, 182, 186, 203, 205]. The actual protocols used to measure CRF varied widely.  
 
Three RCTs [21, 184, 191], two non-RCTs [26, 194] and two uncontrolled trials [192, 202], nine of 
which involved healthy employees and one that involved overweight inactive employees [184], 
conducted maximal tests to determine CRF using either a treadmill (four studies) [26, 191, 192, 202] or 
cycle (three studies) [21, 184, 194] ergometer. Of the three studies using a maximal cycle test to assess 
CRF, one nine-month RCT [21] and one nine-month non-RCT [194] reported greater increases to CRF 
for a treatment versus control group, while no between-group difference in the change to CRF was 
observed in the remaining 12-week RCT [184]. Of the four studies assessing CRF using a maximal 
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treadmill test, one 12-week non-RCT [26] reported a greater increase to CRF for the treatment versus 
control group, one of the two uncontrolled studies found an improvement for the treatment group after 
a 10-week intervention [192], and no between-group difference in the change to CRF was observed in 
the remaining 6-month RCT [191]. Overall, 24 studies reported improvements to CRF, 10 of which 
were RCTs that showed an increase in CRF compared to a control group. Moderate- to vigorous-
intensity exercise was prescribed in 21 (including 11 RCT’s) of the 24 studies that reported increases 
to CRF, and therefore exercise of at least moderate intensity appears important for improvements to 
CRF.  
 
With respect to CRF changes the strength of evidence was graded as moderate given the moderate risk 
of bias (Table 2.5, pg. 95 and Table 2.6, pg. 113). The overall difference in change to CRF favoured 
treatment over control groups (standardised mean difference [95% CI]: 0.21 [0.11-0.32] ml·kg·min-1; p 
< 0.001; Figure 2.4, pg. 70). While this difference is statistically significant, it is not considered 
clinically meaningful (i.e. not > 3.5ml·kg·min-1) [37]. Twelve studies were included in the analysis, and 
a fixed effects model was used as there was no significant heterogeneity between the studies. 
Standardised mean difference were used for effects to account for differences in measurement 
techniques between studies. Specifically, three studies used submaximal treadmill protocols to measure 
CRF [105, 190, 198], six studies used submaximal cycle protocols [22, 179, 181, 193, 197, 201], one 
study used a submaximal step test [25], one study used a submaximal running test on an athletics track 
[185], and one study used a maximal cycle protocol [21]. 
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Figure 2.4: Effect of workplace exercise vs. no-exercise control on changes to cardiorespiratory fitness (VO2 
peak/max; ml·kg·min-1). 
  
 
7
1
 
Table 2.3: Cardiorespiratory fitness outcomes for workplace exercise interventions 
Author (year)       
Country 
Group Measure Pre Post Follow-up 1 Followup 2 Significance 
(time) 
Significance 
(group x time) 
Randomised controlled trials        
Anshel (2009)            
USA [187] 
  Cardiorespiratory 
fitness (ml/kg/min) 
            
 Treatment  22.5±7.3 26.6±7.4   N/A p=0.04 
 Control  27.0±10.9 30.1±14.9   N/A  
Atlantis (2006)     
Australia [105] 
  Cardiorespiratory 
fitness (ml/kg/min) 
       
 Treatment  35.8±9.8 43.4±10.1   N/A p<0.05 
 Control  36.8±12.1 40.9±10.2   N/A  
Barene (2014) 
Norway [21] 
  Cardiorespiratory 
fitness (L/min) 
  Change (95% CI) vs. 
control 
       
 Soccer  2.3±0.4 Δ+0.05(-0.05 to 0.14)   NS NS 
 Zumba  2.2±0.4 Δ+0.11(0.02 to 0.20)   p=0.019 
 Control  2.3±0.3     
  Cardiorespiratory 
fitness (ml/kg/min) 
      
 Soccer  32.8±5.5 Δ+1.1(-0.2 to 2.4)   NS p=0.004 
 Zumba  31.8±6.7 Δ+2.2(0.9 to 3.5)   p=0.001 
 Control  33.1±6.7      
Brox (2005)           
Norway [106] 
  Cardiorespiratory 
fitness (index) 
            
 Treatment  86.2±15.6 94.4±12.4   p<0.01 NS 
 Control  85.2±12.4 90.9±9.6   p<0.01  
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Table 2.3 (Continued) 
Author (year)       
Country 
Group Measure Pre Post Follow-up 1 Follow-up 2 Significance 
(time) 
Significance 
(group x time) 
Christensen (2012)                             
Denmark [22] 
Cardiorespiratory 
fitness (L/min) 
            
 Treatment  2.1±0.4 2.1±0.4   NS NS 
 Control  2.1±0.3 2.2±0.4   NS  
  Cardiorespiratory 
fitness (ml/kg/min) 
      
 Treatment  25.9±5.0 27.5±6.4   p=0.004 NS 
 Control  26.7±5.1 27.5±5.3   NS  
Dalager (2016) 
Denmark [193] 
  Cardiorespiratory 
fitness (L/min) 
      
 Treatment  3.3±1.0 Δ+0.2±0.6   p<0.05 p=0.02 
 Control  3.3±0.9 Δ+0.1±0.6   NS  
  Cardiorespiratory 
fitness (ml/kg/min) 
      
 Treatment  36.3±11.3 Δ+1.5±6.6   p<0.05 p=0.03 
 Control  35.8±11.1 Δ+0.2±6.4   NS  
De Zeeuw (2010)   
Netherlands [179] 
  Cardiorespiratory 
fitness (ml/kg/min) 
            
 Treatment  29.7±8.4 36.8±10.3   N/A p<0.01 
 Control  32.3±10.6 32.4±9.6   N/A  
Gerdle (1995)                          
Sweden [197] 
Cardiorespiratory 
fitness (ml/kg/min) 
            
 Treatment  33.9±10.4 35.4±11.8   NS N/A 
 Control  33.7±6.3 35.2±6.8   NS  
Gram (2012)              
Denmark [201] 
  Cardiorespiratory 
fitness (L/min) 
           
 Treatment  2.4±0.5 Δ+0.3±0.4   N/A p<0.001 
 Control  2.3±0.5 Δ-0.0±0.4   N/A  
  Cardiorespiratory 
fitness (ml/kg/min) 
      
 Treatment  27.1±6.9 Δ+3.9±4.4   N/A p=0.001 
 Control  26.5±6.4 Δ+0.3±4.5   N/A  
  Heart rate at steady 
state (bpm) 
      
 Treatment  148±16 Δ-10±11   N/A p<0.001 
 Control  150±14 Δ+0±10   N/A  
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Table 2.3 (Continued) 
Author (year)       
Country 
Group Measure Pre Post Follow-up 1 Follow-up 2 Significance 
(time) 
Significance 
(group x time) 
Grandjean (1996)                       
USA [198] 
Cardiorespiratory fitness 
(L/min) 
            
 
Treatment 
 
1.9±0.4 2.2±0.3 
  
p<0.05 p<0.001 
 
Control 
 
1.9±0.4 1.8±0.3 
  
NS 
Heath (1984)                               
USA [107] 
Cardiorespiratory fitness 
(L/min) 
            
 
Diet 
 
N/A N/A 
   
N/A 
 
Exercise 
 
2.5±0.3 3.2±0.6 
  
p<0.001 
 
Diet + 
Exercise 
 
2.7±0.3 3.5±0.6 
  
p<0.001 
Jay (2011)                    
Denmark [181] 
  Cardiorespiratory fitness 
(ml/kg/min) 
   Change (95% CI)         
 Treatment  37±9 Δ+2.9(0.6-5.3)    NS 
 Control  39±8 Δ+4.8(2.5-7.1)     
Korshoj (2016) 
Denmark [25] 
 Cardiorespiratory fitness 
(ml/kg/min) 
 Change (95% CI) vs. 
control group 
    
 Treatment  24.8±5.8 Δ+2.2(0.1 to 4.2)   p<0.05 p=0.04 
 Control  25.0±7.2    p<0.05  
Lee (1997)             
Australia [199] 
  Cardiorespiratory fitness 
(max workload) 
  12 weeks 24 weeks 48 weeks     
 Treatment  536.9±116.3 650.0±150.6 592.3±125.5 592.9±138.5 p=0.002 at 12 
weeks 
p<0.001 at 12 
weeks; p=0.04 at 
24 weeks; NS at 
48 weeks 
 Control  652.9±154.6 681.3±142.4 692.3±155.3 709.1±122.1 NS at 12 weeks  
 
 
 
  
 
7
4
 
Table 2.3 (Continued) 
Author (year)       
Country 
Group Measure Pre Post Follow-up 1 Follow-up 2 Significance 
(time) 
Significance 
(group x time) 
Murphy (2006)         
Ireland [183] 
 Sub-max treadmill test 
mean heart rate (bpm) 
      
 Treatment  116.5±8.5 112.0±9.3   N/A NS 
 Control  121.2±14.7 118.1±13.0   N/A 
  Sub-max treadmill test 
blood lactate 
concentration (mmol/L) 
      
 Treatment  1.6±0.5 1.5±0.5   N/A NS 
 Control  1.5±0.5 1.7±0.5   N/A 
  Sub-max treadmill test 
RPE (6-20) 
      
 Treatment  11.2±1.4 10.8±1.4   N/A NS 
 
Control  11.3±2.1 10.8±1.8   N/A 
Oden (1989)                    
USA [190] 
  Cardiorespiratory fitness 
(ml/kg/min) 
            
 Treatment  30.0±5.5 35.3±5.3   N/A p<0.01 
 Control  29.9±7.1 30.1±6.9   N/A  
Ostwald (1989)                    
USA [191] 
  Bruce treadmill test 
termination time (sec) 
            
 Treatment 
(moderate) 
 761.6±103.9 817.1±97.5   p=0.011 NS 
 Control  29.9±7.1 30.1±6.9   N/A  
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Table 2.3 (Continued) 
Author (year)       
Country 
Group Measure Pre Post Follow-up 1 Follow-up 2 Significance 
(time) 
Significance 
(group x time) 
Pressler (2010)            
Germany [184] 
 Cardiorespiratory fitness 
(L/min) 
       
 Treatment  3.2±0.6 3.4±0.7   p=0.04 NS 
 Control  3.2±0.8 3.3±0.7   NS  
  Performance at lactate 
threshold (W/kg) 
      
 Treatment  1.7±0.3 1.8±0.3   p=0.002 NS 
 Control  1.6±0.4 1.8±0.5   p<0.001  
  Peak cycle ergometer 
performance (W/kg) 
      
 Treatment  2.5±0.4 2.6±0.5   NS NS 
 Control  2.4±0.6 2.6±0.6   p<0.001  
Strijk (2012)               
Netherlands [185] 
  Cardiorespiratory fitness 
(ml/kg/min) 
      
 Treatment  30.7±6.7 31.7±8.3   N/A NS 
 Control  31.7±6.2 32.4±8.3   N/A  
Non-randomised controlled trials        
Allen (1987)                             
USA [196] 
Cardiorespiratory fitness 
(ml/kg/min) 
            
 Treatment  27.2±5.0 34.5±6.1   p<0.05 N/A 
 Control  26.9±3.9 27.9±4.6   NS  
King (1988)                    
USA [203] 
 1min recovery HR from 3min 
step test (bpm) 
       
 Treatment  109±18 93±14   NA p<0.0001 
 Control  107±13 109±14   NA  
Li (2006)                      
Taiwan [182] 
  Cardiorespiratory fitness 
(ml/kg/min) 
            
 Treatment  59.7±8.6 56.7±6.8   N/A NS 
 Control  56.2±10.5 52.7±6.5   N/A  
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Table 2.3 (Continued) 
Author (year)       
Country 
Group Measure Pre Post Follow-up 1 Follow-up 2 Significance 
(time) 
Significance  
(group x time) 
Pohjonen (2001)            
Finland [194] 
  Cardiorespiratory fitness 
(L/min) 
    5 years       
 Treatment  2.1±0.4 2.2±0.4 2.2±0.4  p=0.005 (post); 
NS (follow-up) 
p=0.014 (post); 
NS (follow-up) 
 Control  2.1±0.3 2.1±0.3 2.1±0.3  NS (post and 
follow-up) 
 
  Cardiorespiratory fitness 
(ml/kg/min) 
      
 Treatment  32.6±5.9 34.3±4.4 34.5±3.9  p<0.001 (post); 
p=0.037 
(follow-up) 
p<0.001 (post); 
NS (follow-up) 
 Control  31.4±6.3 30.8±6.1 31.6±5.1  NS (post and 
follow-up) 
 
Puterbaugh (1983) 
USA [26] 
  Cardiorespiratory fitness 
(L/min) 
            
 Supervised 
exercise 
 3.9±0.7 Δ+0.7±0.4   +20.0% p<0.05 (both 
supervised and 
unsupervised vs. 
control) 
 Unsupervised 
exercise  
 3.6±1.1 Δ+0.7±0.8   +19.0%  
 Control  3.5±0.4 Δ+0.04±0.5   -2.0%  
Tsai (2011)                      
Taiwan [186] 
 Cardiorespiratory fitness 
(ml/kg/min) 
      
 Treatment  
(1-12 
sessions) 
n=13 
 51.0±2.7 56.8±4.3   NS  
 Treatment  
(13-24 
sessions) 
n=24 
 54.5±9.1 55.8±11.0   NS  
 Treatment  
(25-36 
sessions) 
n=32 
 55.2±10.7 57.7±16.4   NS  
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Table 2.3 (Continued) 
Author (year)       
Country 
Group Measure Pre Post Follow-up 1 Follow-up 2 Significance 
(time) 
Significance  
(group x time) 
Yuan (2009)                   
Taiwan [205] 
Cardiorespiratory fitness 
(durability: higher = greater fitness) 
      
 
Treatment 
 
48.8±17.9 53.6±15.0 
  
p<0.001 p<0.001 
 
Control 
 
47.0±9.4 46.2±6.9 
  
NS 
Uncontrolled trials        
Aldana (2006)                     
USA [20] 
Cardiorespiratory fitness 
(ml/kg/min) 
  24 months    
 Treatment  34.0±16.9 Δ+15.8 +18.7  p<0.05 at 12 and 
24 months 
N/A 
Alkhatib (2015)  
UK [192] 
 Cardiorespiratory fitness 
(ml/kg/min) 
      
 Treatment  25.7±6.6 29.3±6.7   p<0.05 N/A 
Anshel (2010)            
USA [160] 
 Cardiorespiratory fitness 
(ml/kg/min) 
       
 Treatment  33.2±6.9 37.2±7.7   p<0.001 N/A 
Bjurstrom (1978)                      
USA [188] 
Cardiorespiratory fitness 
(ml/kg/min) 
    12 months       
 Treatment  30.3±8.9  35.0±8.2  p<0.001 N/A 
  Aerobic work capacity (kg/min)       
 Treatment  1038.3±269.6  1178.3±261.4  p<0.001 N/A 
Leaf (1997)                
USA [202] 
  Cardiorespiratory fitness 
(ml/kg/min) 
 12 months 4 years       
 Treatment  46.5±8.7 49.1±10.1 48.8±8.3  NS N/A 
Pauly (1982)                   
USA [206] 
  Cardiorespiratory fitness (L/min)             
 Treatment  2.6 2.9     p<0.001 N/A 
  Cardiorespiratory fitness 
(ml/kg/min) 
      
 Treatment  38.4 43.2     p<0.001 N/A 
White (2003)                    
USA [109] 
Cardiorespiratory fitness 
(ml/kg/min) 
      
 Treatment  28±15 32±15   p<0.01 N/A 
Yarvote (1974)                        
USA [24] 
  Cardiorespiratory fitness (HR 
response to submaximal test) 
            
 Treatment  147.9±8.3 127.3±13.6   p<0.001 N/A 
Δ, change; CI, confidence interval; HR, heart rate; N/A, not available; NS, not significant. Data are presented as mean±SD unless otherwise specified. 
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Of the 14 studies that measured muscular strength (Table 2.4, pg. 80), four RCTs [108, 181, 187, 204], 
two of which involved inactive employees [108, 187], and three non-RCTs involving healthy adults 
[182, 194, 205] reported greater strength increases for a treatment versus control group, and four 
uncontrolled studies reported increases for a treatment group [24, 109, 160, 186]. Three RCTs [22, 197, 
201], one of which involved overweight employees [22] reported no between-group differences in the 
change to muscular strength between treatment and control groups when using maximal voluntary 
contraction [22, 201] or isokinetic strength measures [197]. It must be noted that participants in one 
study only performed general strength exercises for approximately 17 minutes twice per week [197]. In 
contrast, three of the four RCTs reporting greater strength improvements for treatment versus control 
groups involved exercise of moderate- to high-intensity [108, 181, 187], while the remaining RCT did 
not specify the exercise intensity prescribed [204]. These four RCTs used maximal voluntary 
contraction [181] or maximum number of repetitions (repetitions per 30 seconds or per minute) [108, 
187, 204] to measure muscular strength.  
 
There were no associations between frequency of exercise participation or intervention duration and 
changes to muscular strength. However, moderate- to high-intensity resistance exercise appears to be 
important to illicit strength improvements. With respect to muscular strength changes the strength of 
evidence was graded as moderate given the moderate risk of bias (Table 2.5, pg. 95 and Table 2.6, pg. 
113). The overall difference in change to muscular strength between treatment and control groups 
included in the meta-analysis was not significant (Figure 2.5, pg. 79). Three studies were included in 
the meta-analysis, and a fixed effects model was used as there was no significant of heterogeneity 
between the studies. Mean difference were used for effects as all three studies measured isometric 
abdominal strength using a Bofors dynamometer [22, 181, 201]. 
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Figure 2.5:  Effect of workplace exercise vs. no-exercise control on changes to muscular strength (abdominal; Nm). 
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Table 2.4: Muscular strength outcomes for workplace exercise interventions 
Author (year)       
Country 
Group Measure Pre Post Follow-up 1 Followup 2 Significance 
(time) 
Significance 
(group x time) 
Randomised controlled trials        
Anshel (2009)            
USA [187] 
 Push-ups      
 
Overall strength 
gain p=0.011 
 Treatment n = 28 9.5±7.3 17.6±11.0   N/A 
 Control n = 25 15.1±12.3 20.6±13.7   N/A 
  Sit-ups (those unable 
to perform push-ups) 
     
 Treatment n = 1 50.00±N/A 122.00±N/A   N/A 
  Control n = 11 27.3±11.4 34.9±14.7     N/A 
Christensen (2012)                             
Denmark [22] 
       
  Isometric muscle 
strength (Nm) R 
shoulder elevation 
      
 Treatment  73.6±22.8 75.8±20.1   NS NS 
 Control  62.5±24.5 73.4±26.7   p=0.002  
  Isometric muscle 
strength (Nm) L 
shoulder elevation 
      
 Treatment  62.0±22.0 68.7±22.2   p=0.032 NS 
 Control  53.8±24.9 62.1±24.8   p=0.007  
  Isometric muscle 
strength (Nm) R 
shoulder abduction 
      
 Treatment  35.0±14.5 45.0±13.3   p=0.001 NS 
 Control  31.9±13.2 46.4±16.2   p<0.001  
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Table 2.4 (Continued) 
Author (year)       
Country 
Group Measure Pre Post Follow-up 1 Follow-up 2 Significance 
(time) 
Significance 
(group x time) 
Christensen (2012) 
Denmark (con’t) 
        
  Isometric muscle 
strength (Nm) L 
shoulder abduction 
      
 Treatment  35.5±12.9 47.8±16.0   p<0.001 NS 
 Control  31.7±12.6 46.5±17.7   p<0.001  
  Isometric muscle 
strength (Nm) 
dominant hand 
      
 Treatment  297.6±52.4 304.4±46.0   NS NS 
 Control  305.1±55.3 302.7±55.0   NS  
  Isometric muscle 
strength (Nm) 
dominant hand 
      
 Treatment  297.6±52.4 304.4±46.0   NS NS 
 
 
Control  305.1±55.3 302.7±55.0   NS  
  Isometric muscle 
strength (Nm) 
abdomen 
      
 Treatment  127.0±32.2 119.3±39.3   NS NS 
 Control  136.0±54.7 126.2±45.5   NS  
  Isometric muscle 
strength (Nm) back 
      
 Treatment  116.4±40.4 138.3±44.4   p=0.004 NS 
 Control  119.8±46.4 134.2±36.8   p=0.021  
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Table 2.4 (Continued) 
Author (year)       
Country 
Group Measure Pre Post Follow-up 1 Follow-up 2 Significance 
(time) 
Significance 
(group x time) 
Gerdle (1995)                          
Sweden [197] 
Isokinetic muscle strength 
(Nm/kg) dominant shoulder 
- initial contraction 
      
 Treatment  0.9±0.2 1.1±0.3   p<0.001 N/A 
 Control  1.1±0.3 1.1±0.2   NS  
  Isokinetic muscle strength 
(Nm/kg) dominant shoulder 
- mean contraction 
      
 Treatment  0.6±0.2 0.7±0.1   p<0.01 N/A 
 Control  0.6±0.1 0.7±0.1   p<0.001  
  Isokinetic muscle strength 
(Nm/kg) dominant leg - 
initial contraction 
      
 Treatment  1.7±0.3 1.7±0.30   NS N/A 
 Control  1.7±0.33 1.7±0.24   NS  
  Isokinetic muscle strength 
(Nm/kg) dominant leg - 
mean contraction 
      
 Treatment  1.1±0.3 1.2±0.3   NS N/A 
 Control  1.1±0.3 1.1±0.2   NS  
Gram (2012)              
Denmark [201] 
 Isometric muscle strength 
(Nm) dominant shoulder 
      
 Treatment  139.5±40.3 Δ+3.9±2.7   N/A NS 
 Control  140.8±34.6 Δ+7.1±34.9   N/A  
  Isometric muscle strength 
(Nm) dominant arm 
      
 Treatment  77.2±19.1 Δ+0.7±14.8   N/A NS 
 Control  75.1±30.8 Δ-1.0±16.1   N/A  
  Isometric muscle strength 
(Nm) abdomen 
      
 Treatment  220.3±52.6 Δ-7.1±29.0   N/A NS 
 Control  219.4±56.2 Δ-7.7±30.2   N/A  
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Table 2.4 (Continued) 
Author (year)       
Country 
Group Measure Pre Post Follow-up 1 Follow-up 2 Significance 
(time) 
Significance 
(group x time) 
Gram (2012)              
Denmark (con’t) 
 
 
Isometric muscle strength 
(Nm) back 
      
 
Treatment 
 
224.3±69.5 Δ-17.7±49.1 
  
N/A NS 
 
Control 
 
214.8±56.2 Δ-16.2±32.7 
  
N/A 
  Isometric muscle strength 
(Nm) right leg 
      
 Treatment  188.1±53.6 Δ-2.0±54.0   N/A NS 
 Control  190.5±66.1 Δ-5.7±37.8   N/A  
  Isometric muscle strength 
(Nm) left leg 
      
 Treatment  176.4±49.3 Δ-4.1±20.2   N/A NS 
 Control  186.1±61.9 Δ-7.4±28.6   N/A  
  Isometric muscle strength 
(Nm) dominant hand 
      
 Treatment  53.3±8.9 Δ-0.4±5.5   N/A NS 
 Control  54.0±9.2 Δ-0.5±5.5   N/A  
Jay (2011)                    
Denmark [181] 
 MVC back extension (Nm)       
 Treatment  136±42 Δ+19.6(12.7-26.6)    p=0.0005 
 Control  145±37 Δ+1.3(-5.4-8.1)     
  MVC trunk flexion  
(Nm) 
      
 Treatment  120±42 Δ+12(1.4-22.6)    NS 
 Control  126±41 Δ+3.7(-6.6-14.0)     
  MVC shoulder elevation 
(Nm) 
      
 Treatment  63±18 Δ+7.0(2.9-11.0)    NS 
 Control   62±25 Δ+7.5(3.6-11.5)     
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Table 2.4 (Continued) 
Author (year)       
Country 
Group Measure Pre Post Follow-up 1 Follow-up 2 Significance 
(time) 
Significance  
(group x time) 
Vilela (2015) Brazil 
[204] 
 Sit-ups (n)        
 Treatment  21.5±12.5 Δ+7.2±7.6   N/A p<0.01 
 Control  26.9±9.4 Δ-2.1±2.6   N/A  
  Push-ups (n)       
 Treatment  23.3±13.2 Δ+31.1±13.7   N/A p<0.05 
 Control  27.7±8.1 Δ+23.5±6.8   N/A  
Zavanela (2012)            
Brazil [108] 
 Sit-ups (n)       
 Treatment      p<0.05 
(increase) 
p<0.05 
 Control      NS  
  Push-ups (n)       
 Treatment      p<0.05 
(increase) 
p<0.05 
 Control      NS  
Non-randomised controlled trials        
Li (2006)                      
Taiwan [182] 
 Abdominal muscle 
strength endurance (sit-
ups/min) 
      
 Treatment  19.7±6.6 23.6±5.6   N/A p=0.03 
 Control  27.0±8.8 28.0±7.0   N/A  
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Table 2.4 (Continued) 
Author (year)       
Country 
Group Measure Pre Post Follow-up 1 Follow-up 2 Significance 
(time) 
Significance  
(group x time) 
Li (2006)                      
Taiwan (con’t) 
 Abdominal muscle 
strength endurance 
(sit-ups/min) 
      
 Treatment  19.7±6.6 23.6±5.6   N/A p=0.03 
 Control  27.0±8.8 28.0±7.0   N/A  
Pohjonen (2001)            
Finland [194] 
 Sit-ups (reps/30s)       
 Treatment  11.0±5.6 12.3±4.2 12.8±3.4  p<0.001 (post 
and follow-up) 
p<0.001 (post); 
p=0.006 (follow-
up) 
 Control  11.1±4.8 11.1±4.4 11.7±3.9  p=0.002 (post); 
NS (follow-up) 
 
  Squats (reps/30s)       
 Treatment  18.6±4.0 18.8±3.9 19.3±3.9  p<0.001 (post 
and follow-up) 
p<0.001 (post); 
NS (follow-up) 
 Control  18.5±3.4 18.4±3.5 18.3±2.8  p=0.003 (post); 
p<0.001 
(follow-up) 
 
  Isometric trunk 
extensor strength (N) 
      
 Treatment  430±127 439±129 459±132  p<0.001 (post); 
NS (follow-up) 
p=0.029 (post); 
NS (follow-up) 
 Control  470±137 451±130 450±145  p<0.001 (post); 
p=0.015 
(follow-up) 
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Table 2.4 (Continued) 
Author (year)       
Country 
Group Measure Pre Post Follow-up 1 Follow-up 2 Significance 
(time) 
Significance  
(group x time) 
Pohjonen (2001)            
Finland (con’t) 
 Sit-ups (reps/30s)       
 Treatment  11.0±5.6 12.3±4.2 12.8±3.4  p<0.001 (post 
and follow-up) 
p<0.001 (post); 
p=0.006 
(follow-up) 
 Control  11.1±4.8 11.1±4.4 11.7±3.9  p=0.002 (post); 
NS (follow-up) 
 
  Squats (reps/30s)       
 Treatment  18.6±4.0 18.8±3.9 19.3±3.9  p<0.001 (post 
and follow-up) 
p<0.001 (post); 
NS (follow-up) 
 Control  18.5±3.4 18.4±3.5 18.3±2.8  p=0.003 (post); 
p<0.001 
(follow-up) 
 
  Isometric trunk extensor 
strength (N) 
      
 Treatment  430±127 439±129 459±132  p<0.001 (post); 
NS (follow-up) 
p=0.029 (post); 
NS (follow-up) 
 Control  470±137 451±130 450±145  p<0.001 (post); 
p=0.015 
(follow-up) 
 
Tsai (2011)                      
Taiwan [186] 
 Sit-ups (reps/min)       
 Treatment  
(1-12 
sessions) 
n=13 
 21.3±2.2 27.0±2.5   p<0.05  
 Treatment  
(13-24 
sessions) 
n=24 
 27.0±2.3 31.3±2.5   p<0.05  
 Treatment  
(25-36 
sessions) 
n=32 
 21.3±1.5 29.1±1.7   p<0.001  
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Table 2.4 (Continued) 
Author (year)       
Country 
Group Measure Pre Post Follow-up 1 Follow-up 2 Significance 
(time) 
Significance  
(group x time) 
Tsai (2011)                      
Taiwan (con’t) 
 Back muscle strength (kg)       
 Treatment  
(1-12 sessions) 
n=13 
 51.7±3.9 57.6±5.2   NS  
 Treatment  
(13-24 sessions) 
n=24 
 57.9±5.9 70.1±7.7   p<0.01  
 Treatment  
(25-36 sessions) 
n=32 
 47.0±3.3 55.3±3.3   p<0.001  
Yuan (2009)                   
Taiwan [205] 
Sit-ups (n)       
 Treatment  17.2±7.7 20.3±6.5   p<0.001 p<0.001 
 Control  20.6±7.0 20.5±7.0   NS  
  Back extensions (n)       
 Treatment  45.1±12.4 50.7±10.3   p<0.001 p<0.001 
 Control  48.2±9.7 46.8±9.3   NS  
  Isometric muscle strength (kg) 
dominant hand 
      
 Treatment  28.3±7.1 28.6±6.4   NS p=0.018 
 Control  32.2±9.4 31.4±8.7   p=0.005  
Uncontrolled trials        
Anshel (2010)            
USA [160] 
 1RM upper body strength (kg)       
 Treatment  62.7±32.9 75.9±35.3   p<0.001 N/A 
  1RM lower body strength (kg)       
  Treatment    229.8±136.3 306.0±157.9     p<0.001 N/A 
 
 
 
  
 
8
8
 
Table 2.4 (Continued) 
Author (year)       
Country 
Group Measure Pre Post Follow-up 1 Follow-up 2 Significance 
(time) 
Significance  
(group x time) 
White (2003)                    
USA [109] 
Sit-ups (n)       
 Treatment  26±15 41±15   p<0.01 N/A 
  Push-ups (n)       
 Treatment  10±8 12±9   NS N/A 
Yarvote (1974)                        
USA [24] 
Isometric muscle strength 
(kg) right hand 
      
 Treatment  51.9±8.0 55.0±7.8   p<0.001 N/A 
  Isometric muscle strength 
(kg) left hand 
      
Δ, change; CI, confidence interval; MVC, maximal voluntary contraction; N, Newtons of force; N/A, not available; NS, not significant. Data are presented as mean±SD unless otherwise specified. 
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2.4.5 Body composition 
 
Of the 26 studies that measured changes to body mass (Table 2.5, pg. 95), six RCTs [21-23, 25, 198, 
200], four of which involved either inactive [198, 200] or overweight [22, 23] employees, and three 
non-RCTs involving healthy employees [26, 194, 203] reported greater body mass reductions for a 
treatment versus control group. Four uncontrolled studies [20, 24, 186, 188], one of which involved 
individuals with pre-diabetes or diabetes [20] reported body mass reductions for a treatment group. Six 
of the twelve RCTs [105, 108, 183, 197, 201, 204] reported no between-group differences in the change 
to body mass between treatment and control groups. Of the six RCTs reporting reductions to body mass 
for treatment versus control groups, all involved exercise of moderate- to vigorous-intensity, five 
involved aerobic training only [21, 23, 25, 198, 200], and five involved interventions of at least six 
months in duration [21-23, 25, 198]. In contrast, of the six RCTs reporting no differences in the change 
to body mass between treatment and control groups only three involved exercise of at least moderate- 
to vigorous-intensity [105, 108, 201], five involved a combination of aerobic and resistance training 
[105, 197, 201, 204] or resistance training only [108], and three involved interventions of four months 
or shorter [183, 201, 204].  
 
Interventions involving aerobic training at moderate-vigorous intensity over at least six months were 
most effective in reducing overall body mass. With respect to changes in body mass the strength of 
evidence was graded as low given the high risk of bias (Table 2.5, pg. 95) and inconsistency of results 
(Table 2.6, pg. 113). The overall difference in change to body mass favoured treatment over control 
groups (mean difference [95% CI]: -0.7 [-1.14 to -0.27] kg; p < 0.01; Figure 2.6, pg. 90). Although this 
weight loss is not considered clinically meaningful in overweight or obese populations [207], only one 
RCT included in the meta-analysis specifically targeted overweight employees [22]. Eleven studies 
were included in the meta-analysis [21, 22, 25, 108, 183, 193, 197, 198, 200, 201, 204], and a fixed 
effects model was used as there was no significant heterogeneity between the studies. 
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Figure 2.6: Effect of workplace exercise vs. no-exercise control on changes to body mass (kg). 
 
Sixteen studies measured BMI (Table 2.3, pg. 71) with four RCTs [21, 22, 179, 193], two of which 
involved either overweight [22] or minimally depressed [179] employees, and one non-RCT of healthy 
employees [205] reporting greater BMI decreases for a treatment versus control group (interaction). 
Two uncontrolled studies [20, 186], one of which involved individuals with pre-diabetes or diabetes 
[20] reported decreases in BMI for a treatment group. Six RCTs [105, 108, 180, 184, 199, 201] and one 
non-RCT [182] reported no between-group differences in the change to BMI between treatment and 
control groups. Two uncontrolled studies [192, 202] reported no change in BMI for treatment groups. 
Of the four RCTs reporting decreases in BMI for treatment versus control groups, three involved 
interventions of at least nine months in duration, whereas four of the six RCTs reporting no differences 
in the change to BMI between treatment and control groups involved interventions of 12 weeks or 
shorter. Interventions longer than 12 weeks in duration were therefore important for reducing BMI. 
With respect to changes in BMI the strength of evidence was graded as very low given the moderate 
risk of bias (Table 2.5, pg. 95), inconsistency, indirectness and imprecision of results (Table 2.6, pg. 
113). The overall difference in change to BMI between treatment and control groups included in the 
meta-analysis was not significant (Figure 2.7, pg. 91). Seven studies were included in the meta-analysis 
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[21, 22, 108, 179, 193, 199, 201], and a fixed effects model was used as there was no significant 
heterogeneity between the studies. 
 
 
Figure 2.7: Effect of workplace exercise vs. no-exercise control on changes to body mass index (kg·m-2). 
 
 
Twenty-four studies measured changes to whole body fat (recorded as either body fat percentage or 
whole body fat mass) after an exercise intervention (Table 2.3, pg. 71). Three studies did not specify 
the method used for body fat assessment [188, 191, 201]. Of the 24 studies that measured changes to 
whole body fat, ten RCTs used either dual-energy X-ray absorptiometry (DXA) [21, 23], bioelectrical 
impedance [22, 25, 183, 193] or skinfold [108, 179, 190, 204] measurements, and one non-RCT used 
skinfold measurements [194] to report greater decreases to whole body fat for a treatment versus control 
group. Four uncontrolled studies reported decreases to whole body fat for a treatment group,  however, 
two of these studies used four-site [22] and seven-site [160] skinfold measurements while the remaining 
two studies did not specify the method of body fat assessment [188, 191]. Unexpectedly, a greater 
decrease to whole body fat for a control versus treatment group was reported in one RCT [184] using 
bioelectrical impedance. Both treatment and control groups were provided with heart rate monitors, 
individually-tailored exercise intensity targets and reduced onsite fitness centre membership fees for 
the 12-week intervention, while the treatment group was prescribed a structured training program 
consisting of one resistance and three aerobic training sessions per week [184].  
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Five RCTs [187, 193, 198, 199, 201] and one non-RCT [196] reported no between-group differences in 
changes to whole body fat between treatment and control groups. While one of these studies used 
bioelectrical impedance [193], four used either three-site [196, 199] or seven-site [187, 198] skinfold 
measurements [187, 196, 198, 199], and the remaining study did not specify the method of body fat 
assessment [201]. Of the nine RCTs reporting decreases to whole body fat for treatment versus control 
groups, seven involved interventions of at least four months in duration. Comparatively, four of the six 
RCTs reporting no differences in the change to BMI between treatment and control groups (or a 
decrease for a control but not treatment group [184]) involved interventions of 12 weeks or shorter. 
Similar to changes in BMI, longer interventions were important for changes to whole body fat.  
 
There were no consistencies between the frequency, intensity or mode of exercise prescribed and 
changes to whole body fat. With respect to changes to whole body fat the strength of evidence was 
graded as very low given the moderate risk of bias (Table 2.5, pg. 95), inconsistency of results and 
indirectness of study goals (Table 2.6, pg. 113). The overall difference in change to whole body fat 
favoured treatment over control groups (standardised mean difference [95% CI]: -0.51 [-0.94 to -0.08] 
%; p < 0.05; Figure 2.8, pg. 93). Again, although this fat loss is not considered clinically meaningful in 
overweight or obese populations [207], no studies included in the meta-analysis specifically targeted 
overweight employees. Eight studies were included in the meta-analysis, and a random effects model 
was used to account for heterogeneity (Chi square: p < 0.001; Cochrane’s I2 = 87%). Standardised mean 
difference were used for effects to account for differences in measurement techniques between studies, 
as four studies used sum of skinfolds [108, 179, 190, 204], two studies used bioelectrical impedance 
[25, 193], one study used DXA [21], and one study did not specify the method of body fat assessment 
[201].  
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Figure 2.8: Effect of workplace exercise vs. no-exercise control on changes to whole body fat (%). 
 
 
Of the eleven studies that measured waist circumference (central body fat), five RCTs [22, 25, 105, 179, 
200], three of which involved either inactive [105, 200] or overweight [22] employees, and one non-
RCT involving healthy employees [186] reported greater decreases for a treatment versus control group. 
Two uncontrolled studies [20, 24], one of which involved individuals with pre-diabetes or diabetes [20] 
reported decreases for a treatment group (Table 2.3, pg. 71). Three RCTs [183, 184, 199] reported no 
between-group differences in the change to central body fat. Of the five RCTs reporting decreases to 
central body fat for treatment versus control groups, all involved moderate- to vigorous-intensity 
exercise and three involved interventions of at least six months’ duration [22, 25, 105]. Conversely, the 
three RCTs reporting no differences in the change to central body fat between treatment and control 
groups involved interventions of 12 weeks or shorter, two of which were low-intensity walking 
interventions [183, 199].  
 
Exercise of at least moderate- to vigorous-intensity over six months or longer was important for 
reducing central body fat. With respect to changes to central body fat, the strength of evidence was 
graded as high given the low risk of bias (Table 2.5, pg. 95), consistency, directness and precision of 
results (Table 2.6, pg. 113). The overall difference in change to central body fat between treatment and 
control groups included in the meta-analysis was not significant (Figure 2.9, pg. 94). Seven studies were 
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included in the meta-analysis [22, 25, 105, 179, 183, 199, 200], and a fixed effects model was used as 
there was no significant heterogeneity between the studies. Standardised mean difference were used for 
effects to account for differences in measurement techniques between studies, as the precise location of 
the measurement of waist circumference varied between studies. 
 
 
Figure 2.9: Effect of workplace exercise vs. no-exercise control on changes to central body fat (waist circumference; 
cm). 
 
Overall, improvements to body composition occurred when interventions involved exercise of at least 
moderate- to vigorous-intensity over a period of six months or longer. Aerobic exercise had a greater 
effect on reducing whole body mass than aerobic and resistance training combined (likely due to a 
maintenance of muscle mass from resistance exercise training). However, this pattern of greater body 
mass reductions from aerobic training was not found in the other measures of body composition such 
as central body fat or whole body fat. 
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Table 2.5: Body composition outcomes for workplace exercise interventions 
Author (year)       
Country 
Group Measure Pre Post Follow-up 1 Follow-up 2 Significance  
(time) 
Significance  
(group x time) 
Randomised controlled trials        
Anshel (2009)            
USA [187] 
  Skinfold (mm)             
 
Treatment 
 
0.35±0.06 0.32±0.05 
  
N/A NS 
 
Control 
 
0.30±0.07 0.28±0.06 
  
N/A 
Atlantis (2006)     
Australia [105] 
  Body mass (kg) Median (IQ range) Median (IQ range)         
 Treatment  78.2 (31) 75.1 (21.5)   N/A NS 
 Control  76.6 (29.8) 77.9 (36.7)   N/A  
  BMI (kg/m-2) Median (IQ range) Median (IQ range)     
 Treatment  25.3 (6.0) 25.4 (4.9)   N/A NS 
 Control  25.0 (9.6) 24.7 (7.8)   N/A  
  Waist circumference (cm) Mean±SD Mean±SD     
 Treatment  86.3±13.2 82.1±9.0   N/A p<0.05 
  Control   91.5±19.3 90.5±17.8     N/A  
Barene (2014) 
Norway [21] 
 Body mass (kg)  Change vs control     
 Soccer  69.2±9.2 Δ-1.1(-2.4 to -0.1)   p=0.080 p=0.006 
 Zumba  71.2±8.2 Δ-2.1(-3.3 to -0.8)   p=0.001  
 Control  71.4±11.5      
  BMI (kg/m-2)       
 Soccer  24.7±3.1 Δ-0.3(-0.7 to 0.1)   p=0.165 p=0.011 
 Zumba  25.3±2.6 Δ-0.7(-1.1 to -0.2)   p=0.003  
 Control  25.9±3.6      
  Percent body fat (%)       
 Soccer  34.7±6.1 Δ-1.2(-2.1 to -0.3)   p=0.012 p=0.013 
 Zumba  36.0±5.8 Δ-1.3(-2.2 to -0.3)   p=0.008  
 Control  36.3±6.4      
  Total fat mass (kg)       
 Soccer  22.4±6.4 Δ-1.2(-2.1 to -0.4)   p=0.004 p=0.003 
 Zumba  23.7±5.5 Δ-1.3(-2.1 to -0.5)   p=0.003  
 Control  24.4±7.5      
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Table 2.5 (continued) 
Author (year)       
Country 
Group Measure Pre Post Follow-up 1 Follow-up 2 Significance 
(time) 
Significance 
(group x time) 
Christensen (2012) 
Denmark [22] 
  Body mass (kg)             
 Treatment  84.2±15.9 78.4±15.8   p<0.001 p<0.001 
 Control  83.0±14.4 82.7±14.6   NS  
  BMI (kg/m-2)       
 Treatment  30.7±5.4 28.5±5.5   p<0.001 p<0.001 
 Control  30.4±4.9 30.3±5.1   NS  
  Waist circumference (cm)       
 Treatment  100.1±13.8 96.1±14.9   p=0.004 p=0.03 
 Control  101.6±12.4 100.0±13.4   NS  
  Percent body fat (%)       
 Treatment  41.2±5.7 38.4±7.3   p<0.001 p<0.001 
 Control  40.5±5.7 40.4±6.0   NS  
Dalager (2016) 
Denmark [193] 
  Body mass (kg)       
 Treatment  74.1±16.1 Δ-0.5±3.3   p<0.05 NS 
 Control  74.2±17.1 Δ+0.1±3.0   NS  
  BMI (kg/m-2)       
 Treatment  25.3±5.0 Δ-0.2±1.1   p<0.05 p=0.02 
 Control  25.5±5.2 Δ 0.0±1.1   NS  
  Percent body fat (%)       
 Treatment  28.9±8.9 Δ 0.0±2.6   NS NS 
 Control  29.3±8.7 Δ+0.1±1.9   NS  
De Zeeuw (2010)   
Netherlands [179] 
  BMI (kg/m-2)            
 Treatment  30.5±6.1 29.1±5.8   N/A  p<0.01 
 Control  27.9±5.7 27.8±6.3   N/A  
  Waist circumference (cm)       
 Treatment  101.8±15.6 96.9±14.1   N/A p<0.01 
 Control  93.3±11.5 93.8±13.5   N/A  
  Percent body fat (%)       
 Treatment  29.4±10.5 25.8±9.9   N/A p<0.01 
  Control   29.6±7.1 29.9±7.6     N/A  
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Table 2.5 (continued) 
Author (year)       
Country 
Group Measure Pre Post Follow-up 1 Follow-up 2 Significance 
(time) 
Significance 
(group x time) 
Edries (2013)                     
South Africa [180] 
 BMI (kg/m-2)       
 Treatment  28.9±6.3 89% had reduced 
their BMI 
  p<0.01  
 Control  29.8±9.4 79% had reduced 
their BMI 
  p<0.05  
Gerdle (1995)                          
Sweden [197] 
Body mass (kg)             
 Treatment  67±11.6 66±10.9   NS N/A 
 Control  65±12.0 65±10.4   NS  
Gram (2012)              
Denmark [201] 
  Body mass (kg)            
 Treatment  91.2±15.8 Δ-0.6±2.1   N/A NS 
 Control  89.2±19.8 Δ-0.8±2.9   N/A  
  BMI (kg/m-2)       
 Treatment  28.8±4.1 Δ-0.3±0.7   N/A NS 
 Control  27.9±5.2 Δ-0.4±1.1   N/A  
  Percent body fat (%)       
 Treatment  26.2±5.6 Δ+9.3±15.2   N/A NS 
 Control  27.9±5.2 Δ+5.9±11.7   N/A  
Grandjean (1996)                       
USA [198] 
Body mass (kg)             
 Treatment  66.2±13.5 64.2±12.7   p<0.05 p<0.025 
 Control  65.5±12.2 66.2±10.5   NS  
  Percent body fat (%)       
 Treatment  27.6±6.5 23.5±5.4   p<0.05 NS 
 Control  28.7±7.5 26.6±5.8   p<0.05  
Heath (1984)                               
USA [107] 
Body mass (kg)            
 Diet  84±13 81±13   p<0.05 N/A 
 Exercise  84±15 81±17   p<0.05  
 Diet + 
Exercise 
 86±13 80±13   p<0.05  
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Table 2.5 (continued) 
Author (year)       
Country 
Group Measure Pre Post Follow-up 1 Follow-up 2 Significance 
(time) 
Significance 
(group x time) 
Jay (2011)                    
Denmark [181] 
  Body mass (kg)             
 Treatment  68±11 N/A   N/A N/A 
 Control  66±11 N/A   N/A  
  BMI (kg/m-2)       
 Treatment  24±3 N/A   N/A N/A 
 Control  22±2 N/A   N/A  
Korshoj (2016) 
Denmark [25] 
 Body mass (kg)  Change (95% CI) 
vs. control group 
    
 Treatment  69.7±12.7 Δ-1.7(-2.9 to -0.4)   p<0.05 (decrease) p=0.01 
 Control  71.7±15.4    NS  
  BMI (kg/m-2)       
 Treatment  26.2±4.0 N/A   N/A N/A 
 Control  27.1±4.9 N/A   N/A N/A 
  Waist circumference (cm)       
 Treatment  86.7±11.0 Δ-1.9(-3.7 to -0.1)   p<0.05 (decrease) p=0.04 
 Control  88.4±11.2    NS  
  Percent body fat (%)       
 Treatment  31.1±8.3 Δ-1.5(-2.4 to -0.5)   NS p<0.01 
 Control  32.1±8.9    NS  
Lee (1997)             
Australia [199] 
 BMI (kg/m-2)  12 weeks 24 weeks 48 weeks   
 Treatment  26.4±4.4 26.1±3.5 26.5±3.8 27.2±4.6 NS at 12 weeks NS at 12 or 24 
weeks; p<0.05 at 
48 weeks 
 Control  25.6±3.6 25.6±3.5 26.0±3.8 26.7±3.7 NS at 12 weeks  
  Waist circumference (cm)       
 Treatment  81.7±8.7 79.2±8.3 81.2±8.0 80.0±9.5 p<0.01 at 12 
weeks 
NS at 12, 24 or 48 
weeks 
 Control  79.7±10.7 78.3±10.2 79.4±10.8 79.5±10.9 p<0.01 at 12 
weeks 
 
  Skinfolds (mm)       
 Treatment  76.0±22.2 82.1±16.6 88.9±16.2 94.3±20.0 NS at 12 weeks NS at 12 or 24 
weeks; p<0.05 at 
48 weeks 
 Control  68.1±21.6 82.7±20.8 83.3±18.1 87.0±20.0 NS at 12 weeks  
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Table 2.5 (continued) 
Author (year)       
Country 
Group Measure Pre Post Follow-up 1 Follow-up 2 Significance 
(time) 
Significance 
(group x time) 
Murphy (2006)         
Ireland [183] 
  Body mass (kg)             
 Treatment  75.3±21.2 75.7±22.1   N/A NS 
 Control  68.4±14.9 69.6±15.1   N/A  
  Waist circumference (cm)       
 Treatment  84.8±13.9 84.0±14.4   N/A NS 
 Control  83.2±13.8 83.4±13.9   N/A  
  Hips circumference (cm)       
 Treatment  101.4±9.0 101.0±8.9   N/A NS 
 Control  100.4±6.7 100.7±6.9   N/A  
  Percent body fat (%)       
 Treatment  28.0±5.8 27.9±5.6   N/A p<0.05 
 Control  25.9±8.3 27.7±7.8   N/A  
Oden (1989)                    
USA [190] 
  Percent body fat (%)            
 Treatment  26.8±6.9 22.9±5.6   N/A p<0.05 
 Control  27.0±8.8 25.7±6.5   N/A  
Ostwald (1989)                    
USA [191] 
Body mass (kg)       
 Treatment 
(moderate) 
 75.9±14.2 75.7±13.9   NS p=0.001 
 Treatment 
(Intensive) 
 72.7±14.0 69.3±12.3   p<0.001  
  Percent body fat (%)       
 Treatment 
(moderate) 
 22.7±10.7 18.2±7.6   p=0.015 NS 
 Treatment 
(Intensive) 
 22.9±7.8 17.5±7.7   p<0.001  
Pressler (2010)            
Germany [184] 
 BMI (kg/m-2)       
 Treatment  28.6±1.9 28.3±2.0   p=0.12 NS 
 Control  28.8±2.5 28.4±2.4   p=0.002  
  Waist circumference (cm)       
 Treatment  100.5±7.9 98.0±7.8   p=0.001 NS 
 Control  101.9±8.7 98.3±8.5   p<0.001  
  Percent body fat (%)       
 Treatment  30.1±5.2 29.2±5.7   NS p=0.04 
 Control  31.3±6.6 28.2±5.6   p=0.001  
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Table 2.5 (continued) 
Author (year)       
Country 
Group Measure Pre Post Follow-up 1 Follow-up 2 Significance 
(time) 
Significance 
(group x time) 
Pritchard (2002)           
Australia [23] 
  Body mass (kg)             
 Diet  87.8±10.5 Δ-6.4±3.3   N/A p<0.05 vs control 
 Exercise  88.1±10.1 Δ-2.6±3.0   N/A p<0.05 vs control 
 Diet + 
Exercise 
 88.2±10.8 Δ-4.5±3.5   N/A p<0.05 vs control 
 Control  87.8±10.9 Δ+0.3±2.4   N/A  
  Total fat mass (kg)       
 Diet  19.0±4.2 Δ-3.8±2.1   N/A p<0.05 vs control 
 Exercise  18.3±4.5 Δ-1.9±1.9   N/A NS vs control 
 Diet + 
Exercise 
 19.3±4.0 Δ-3.1±2.2   N/A p<0.05 vs control 
 Control  19.2±3.5 Δ-0.1±1.3   N/A  
  Abdominal fat (kg)       
 Diet  3.91±1.3 Δ-1.0±0.6   N/A p<0.05 vs control 
 Exercise  3.48±1.5 Δ-0.5±0.5   N/A NS vs control 
 Diet + 
Exercise 
 3.53±1.0 Δ-1.0±0.6   N/A p<0.05 vs control 
 Control  3.46±1.1 Δ+0.07±0.4   N/A  
  Peripheral fat (kg)       
 Diet  8.7±1.9 Δ-1.5±0.9   N/A p<0.05 vs control 
 Exercise  8.6±2.5 Δ-0.8±0.9   N/A NS vs control 
 Diet + 
Exercise 
 9.2±1.9 Δ-1.3±1.0   N/A NS vs control 
 Control  9.2±1.6 Δ-0.01±0.6   N/A  
  Total lean (kg)       
 Diet  65.9±7.3 Δ-2.6±1.4   N/A p<0.05 vs control 
 Exercise  66.0±7.8 Δ-0.7±1.6   N/A NS vs control 
 Diet + 
Exercise 
 66.0±7.1 Δ-1.4±1.7   N/A NS vs control 
 Control  65.6±7.7 Δ+0.1±1.3   N/A  
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Table 2.5 (continued) 
Author (year)       
Country 
Group Measure Pre Post Follow-up 1 Follow-up 2 Significance 
(time) 
Significance 
(group x time) 
Ribeiro (2014)                       
Brazil [200] 
Body mass (kg)   3 months  
Change (95% CI) 
6 months 
Change (95% CI) 
      
 PedIC  76.5±17.3 Δ-0.108 
(-0.236 to +0.02) 
Δ-0.136 
(-0.23 to 0) 
 N/A p<0.001 at 3 and 
6 months (Post 
hoc: aerobic vs 
control p<0.05 at 
3 and 6 months) 
 PedGC  73.8±12.5 Δ-0.192 
(-0.750 to +0.366) 
Δ-0.210 
(-0.74 to 0.320) 
 N/A  
 Aerobic  75.6±12.8 Δ-0.700 
(-1.193 to +0.986) 
Δ-0.740 
(-1.23 to -0.25) 
 N/A  
 Control  74.7±17.3 Δ+0.239 
(+0.1 to +0.3) 
Δ+0.209 
(+0.1 to +0.3) 
 N/A  
  Waist circumference (cm)       
 PedIC  95±12.3 Δ-0.05 
(-0.17 to +0.16) 
Δ+0.05 
(-0.35 to +0.24) 
 N/A p<0.05 at 3 
months, NS at 6 
months (Post hoc: 
aerobic vs control 
p<0.05 at 3 
months) 
 PedGC  94.5±11.7 Δ-0.35 
(-0.85 to +0.86) 
Δ-0.41 
(-1.03 to +0.22) 
 N/A  
 Aerobic  95.2±9.8 Δ-0.95 
(-2.20 to +0.29) 
Δ-0.92 
(-2.14 to +0.30) 
 N/A  
 Control  96.4±13.5 Δ+0.52 
(+0.13 to +0.91) 
Δ+0.54 
(+0.15 to +0.93) 
 N/A  
Schwarz (2008)                  
Sweden [195] 
Waist:hip ratio             
 Exercise  0.8±0.1 0.8±0.1   NS p=0.02 
 Reduced hours  0.8±0.1 0.9±0.1   p=0.02  
 Control  0.8±0.1 0.8±0.1   N/A  
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Table 2.5 (continued) 
Author (year)       
Country 
Group Measure Pre Post Follow-up 1 Follow-up 2 Significance  
(time) 
Significance 
(group x time) 
Vilela (2015) 
Brazil [204] 
 Body mass (kg)       
 Treatment  75.8±12.2 Δ 0.0±2.6   N/A NS 
 Control  72.6±15.1 Δ+0.4±2.6   N/A  
  Percent body fat (%)       
 Treatment  20.2±5.6 Δ-4.8±1.8   N/A p<0.05 
 Control  17.0±5.4 Δ+0.8±2.4   N/A  
  Total fat mass (kg)       
 Treatment  15.4±5.2 Δ-3.7±1.7   N/A p<0.05 
 Control   12.4±5.2 Δ+0.7±1.8   N/A  
  Total lean mass (kg)       
 Treatment  60.4±9.7 Δ+3.7±2.7   N/A p<0.05 
 Control   60.1±12.0 Δ-0.3±3.1   N/A  
Zavanela (2012)            
Brazil [108] 
 Body mass (kg)       
 Treatment  77.4±12.9 78.2±12.7   NS NS 
 Control  77.9±11.4 79.0±11.6   NS  
  BMI (kg/m-2)       
 Treatment  25.4±4.0 25.7±3.9   NS NS 
 Control  26.6±3.7 27.1±3.8   NS  
  Percent body fat (%)       
 Treatment  22.1±5.0 19.8±4.6   NS p<0.05 
  Control   22.7±5.1 24.2±4.0     NS  
Non-randomised controlled trials        
Allen (1987)                             
USA [196] 
Body mass (kg)             
 Treatment  63.8±7.4 63.0±7.9   NS N/A 
 Control  60.9±8.2 61.7±8.5   NS  
  Percent body fat (%)       
 Treatment  27.3±6.4 27.0±7.4   NS N/A 
 Control  28.9±7.1 29.7±6.1   NS  
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Table 2.5 (continued) 
Author (year)       
Country 
Group Measure Pre Post Follow-up 1 Follow-up 2 Significance  
(time) 
Significance 
(group x time) 
King (1988)                    
USA [203] 
  Body mass (kg)             
 Treatment  85.3±15 83.9±14   N/A p<0.05 
 Control  83.0±13 84.2±14   N/A  
Li (2006)                      
Taiwan [182] 
  BMI (kg/m-2)             
 Treatment  23.7±5.1 23.5±4.5   N/A NS 
 Control  22.5±2.7 22.5±2.7   N/A  
Pohjonen (2001)            
Finland [194] 
  Body mass (kg)     5 years       
 Treatment  66.7±12.3 64.5±11.6 63.4±12.4  p<0.001 (post);  
NS (follow-up) 
p=0.023 (post); 
NS (follow-up) 
 Control  69.5±11.9 70.0±12.2 69.4±13.7  p<0.001 (post);  
NS (follow-up) 
 
  Percent body fat (%)       
 Treatment  35.2±6.1 34.2±5.6 34.1±5.6  p<0.001 (post and 
follow-up) 
p=0.014 (post); 
p=0.002 (follow-
up) 
 Control  35.9±6.4 36.2±6.5 35.5±6.3  NS (post);  
p<0.001 (follow-
up) 
 
Puterbaugh (1983)      
USA [26] 
  Body mass (kg)             
 Supervised 
exercise 
 79.4±33.6 Δ-2.5±3.1   -3.2% N/A 
 Unsupervised 
exercise  
 81.7±10.0 Δ+0.2±4.1   +0.3%  
 Control  78±8.6 Δ+0.6±2.9   +0.8%  
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Table 2.5 (continued) 
Author (year)       
Country 
Group Measure Pre Post Follow-up 1 Follow-up 2 Significance 
(time) 
Significance 
(group x time) 
Tsai (2011)                      
Taiwan [186] 
 
Body mass (kg) 
      
 
Treatment  
(1-12 sessions) 
n=13 
 
57.6±3.5 58.1±3.7 
  
NS N/A 
 
Treatment  
(13-24 sessions) 
n=24 
 
60.1±2.4 59.8±2.4 
  
NS 
 
Treatment  
(25-36 sessions) 
n=32 
 
59.0±2.2 58.5±2.2 
  
p<0.05 
  
BMI (kg/m-2) 
      
 
Treatment  
(1-12 sessions) 
n=13 
 
22.0±0.7 22.1±0.1 
  
NS N/A 
 
Treatment  
(13-24 sessions) 
n=24 
 
22.3±0.5 22.2±0.6 
  
NS 
 
Treatment  
(25-36 sessions) 
n=32 
 
22.4±0.6 22.2±0.5 
  
p<0.05 
  
Waist circumference (cm) 
      
 
Treatment  
(1-12 sessions) 
n=13 
 
75.0±2.2 73.0±2.4 
  
NS N/A 
 
Treatment  
(13-24 sessions) 
n=24 
 
73.9±1.8 71.5±1.7 
  
p<0.01 
 
Treatment  
(25-36 sessions) 
n=32 
 
74.8±1.9 72.1±1.7 
  
p<0.001 
Yuan (2009)                   
Taiwan [205] 
BMI (kg/m-2)             
 Treatment  23.7±3.7 23.1±3.6   p=0.007 p=0.002 
 Control  23.1±3.7 23.2±3.7   NS  
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Table 2.5 (continued) 
Author (year)       
Country 
Group Measure Pre Post Follow-up 1 Follow-up 2 Significance 
(time) 
Significance 
(group x time) 
Uncontrolled trials        
Aldana (2006)                     
USA [20] 
Body mass (kg)   24 months    
 Treatment  83.6±26.2 Δ-3.3 Δ-0.9  p<0.05 at 12 
months; NS at 24 
months 
N/A 
  BMI (kg/m-2)       
 Treatment  31.0±7.2 Δ-1.1 Δ-0.8  p<0.05 at 12 
months; NS at 24 
months 
N/A 
  Waist circumference (cm)       
 Treatment  38.5±7.0 Δ-1.7 Δ-0.4  p<0.05 at 12 
months; NS at 24 
months 
N/A 
Alkhatib (2015)  
UK [192] 
 BMI (kg/m-2)       
 Treatment  27.8±3.9 27.6±3.6   NS N/A 
Anshel (2010)            
USA [160] 
 Percent body fat (%)       
 Treatment  30.1±8.3 27.8±8.1   p<0.001 N/A 
Bjurstrom (1978)                      
USA [188] 
Body mass (kg)     12 months       
 Treatment  76.1±13.7  74.3±13.1  p<0.001 N/A 
  Percent body fat (%)       
 Treatment  26.3±6.7  24.5±6.2  p<0.001 N/A 
Leaf (1997)                
USA [202] 
  Body mass (kg)  12 months 4 years       
 Treatment  78.0±9.8 77.3±9.1 77.2±8.9  NS N/A 
  BMI (kg/m-2)       
 Treatment  24.4±3.1 24.2±2.8 N/A  NS N/A 
  Percent body fat (%)       
 Treatment  18.3±5.2 17.8±4.7 17.7±5.0  NS N/A 
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Table 2.5 (continued) 
Author (year)       
Country 
Group Measure Pre Post Follow-up 1 Follow-up 2 Significance 
(time) 
Significance 
(group x time) 
Pauly (1982)         
USA [206] 
  Body mass (kg)             
 Treatment  69.2 69.7   NS N/A 
  Percent body fat (%)       
 Treatment  28.0 28.1   NS N/A 
White (2003)                    
USA [109] 
Body mass (kg)             
 Treatment  83.9±23.6 84.8±24.0   NS N/A 
  Percent body fat (%)       
 Treatment  22±20 22±18   NS N/A 
Yarvote (1974)                        
USA [24] 
  Body mass (kg)             
 Treatment  82.6±10.0 80.7±9.6   p<0.001 N/A 
  Waist circumference (cm)       
 Treatment  91.7±7.6 89.7±7.4   p<0.001 N/A 
  Skinfolds (Triceps; mm)       
 Treatment  14.6±4.4 10.8±3.9   p<0.001 N/A 
  Skinfolds (Subscapular; mm)       
 Treatment  19.7±7.6 15.7±6.0   p<0.001 N/A 
  Skinfolds (Abdomen; mm)       
 Treatment  31.2±10.4 23.3±8.2   p<0.001 N/A 
  Skinfolds (Thigh; mm)       
 Treatment  20.3±7.1 15.6±5.7   p<0.001 N/A 
Δ, change; BMI, body mass index; NA = not available; NS = not significant. Data are presented as mean±SD unless otherwise specified. 
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2.4.6 Metabolic outcomes 
 
Of the 23 studies that measured changes to blood pressure (Table 2.6, pg. 113), only one RCT involving 
inactive employees [108] and three uncontrolled treatment groups [24, 107, 186], one of which involved 
overweight employees [107] reported interaction and time effects respectively for decreases to both 
systolic blood pressure (SBP) and diastolic blood pressure (DBP). One RCT involving inactive 
employees [183] reported a greater decrease to SBP for a treatment versus control group, and one 
uncontrolled study involving healthy adults [206] reported a decrease to SBP for a treatment group. One 
RCT involving healthy office workers [193] reported a decrease to DBP for both the treatment and the 
no-intervention control group with no between-group differences. Two RCTs involving overweight [22] 
and healthy [199] employees reported decreases to SBP for both treatment and no-intervention control 
groups with no between-group differences. The overall difference in change to SBP favoured treatment 
over control groups (mean difference [95% CI]: -0.13 [-0.25 to -0.01] mmHg; p < 0.05; Figure 2.10, 
pg. 108). This change in blood pressure is not considered clinically meaningful [208]. However, no 
studies specifically targeted hypertensive individuals. Eleven studies were included in the meta-analysis 
[21-23, 25, 108, 179, 183, 193, 195, 199, 201], and a fixed effects model was used as there was no 
significant heterogeneity between the studies. Standardised mean difference were used for effects to 
account for differences in measurement techniques between studies, as body position (i.e. seated vs. 
lying) varied between the studies. 
 
Fourteen studies reported no between-group or within-group changes to SBP or DBP [21, 23, 109, 179, 
184, 187, 188, 191, 192, 195, 199, 201, 203, 205], however no interventions involved hypertensive 
individuals. Overall, only two RCTs both of which were conducted in inactive populations reported 
decreases in SBP and/or DBP in comparison to control groups, one of which involved moderate- to 
vigorous-intensity resistance training [108] while the other involved walking only [183]. 
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Figure 2.10: Effect of workplace exercise vs. no-exercise control on changes to systolic blood pressure (mmHg). 
 
With respect to changes in blood pressure the strength of evidence was graded as low given the moderate 
risk of bias (Table 2.5, pg. 95) and inconsistency of results (Table 2.6, pg. 113). The overall difference 
in change to DBP between treatment and control groups included in the meta-analysis was not 
significant (Figure 2.11, pg. 109). Although the difference approached significance (p = 0.05), it is not 
considered clinically meaningful [208]. Eleven studies were included in the meta-analysis [21-23, 25, 
108, 179, 183, 193, 195, 199, 201], and a fixed effects model was used as there was no significant 
heterogeneity between the studies. Standardised mean difference were used for effects to account for 
differences in measurement techniques between studies, as body position (i.e. seated vs. lying) varied 
between the studies. Although the effectiveness of workplace exercise interventions to reduce blood 
pressure is unclear, none of the studies specifically involved employees with hypertension. 
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Figure 2.11: Effect of workplace exercise vs. no-exercise control on changes to diastolic blood pressure (mmHg). 
 
 
Of the 17 studies that measured blood lipid profile (Table 2.4, pg. 80), four RCTs involving overweight 
[23, 107] and healthy [25, 191] employees reported greater improvements to at least one blood lipid for 
a treatment versus control group. Five uncontrolled studies involving individuals with pre-diabetes or 
diabetes [20] or healthy employees [24, 188, 202, 206] reported improvements in at least one blood 
lipid for a treatment group. Improvements to blood lipids included measures of total cholesterol (TC) 
[25, 107, 188, 191, 206], very low-density lipoprotein cholesterol (VLDL-C) [20], low-density 
lipoprotein cholesterol (LDL-C) [107], high-density lipoprotein cholesterol (HDL-C) [202], TC:HDL 
ratio [20, 191] and triglycerides (TG) [20, 23, 24, 191, 206]. Eight RCTs reported no between-group 
differences in the change to any blood lipid [21, 183, 184, 193, 195, 198, 199, 201]. The four RCTs 
reporting improvements to blood lipids all involved aerobic exercise training exclusively, three of which 
prescribed moderate- to vigorous-intensity exercise while intensity was not specified in the remaining 
study [191]. There were no commonalities between intervention duration or exercise frequency and 
changes to blood lipids. With respect to changes to blood lipids the strength of evidence was graded as 
very low given the moderate risk of bias (Table 2.5, pg. 95), inconsistency and imprecision of results 
(Table 2.6, pg. 113). The overall difference in change to lipids between treatment and control groups 
included in the meta-analysis was not significant (Figures 2.12 – 2.15, pg. 110 - 111). Eight studies 
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were included in the meta-analyses for lipids [21, 23, 183, 193, 195, 198, 199, 201], and a fixed effects 
model was used as there was no significant heterogeneity between the studies. Mean difference were 
used for effects as all studies included in meta-analyses measured lipids in a fasted state. 
 
 
Figure 2.12: Effect of workplace exercise vs. no-exercise control on changes to total cholesterol (mmol·L-1). 
 
 
Figure 2.13: Effect of workplace exercise vs. no-exercise control on changes to LDL cholesterol (mmol·L-1). 
 
 
Figure 2.14: Effect of workplace exercise vs. no-exercise control on changes to HDL cholesterol (mmol·L-1). 
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Figure 2.15: Effect of workplace exercise vs. no-exercise control on changes to Triglycerides (mmol·L-1). 
 
 
Eleven studies measured changes in either blood insulin, glucose, haemoglobin A1c (HbA1c) or C-
reactive protein (CRP) (Table 2.4, pg. 80). Of these, three RCTs involving healthy employees [25, 191, 
195] and one uncontrolled study involving adults with pre-diabetes or diabetes [20] reported interaction 
and time effects respectively, for improvements to an oral glucose tolerance test [20], fasting glucose 
[191, 195], HbA1c [20, 195], or CRP [25]. Five RCTs reported no between-group differences in the 
change to any of these outcomes [21, 23, 183, 184, 193], and one uncontrolled study [24] reported an 
increase in fasting glucose for an uncontrolled treatment group. Similar to changes in blood lipids, the 
three RCTs reporting improvements to either insulin, glucose or CRP all involved aerobic exercise 
training exclusively, two of which prescribed moderate- to vigorous-intensity exercise while intensity 
was not specified in the remaining study [191]. With respect to changes to insulin, glucose and CRP the 
strength of evidence was graded as low given the moderate risk of bias (Table 2.5, pg. 95) and 
inconsistency of results (Table 2.6, pg. 113). The overall difference in change to fasting glucose between 
treatment and control groups included in the meta-analysis was not significant (Figure 2.16, p.112). 
However, no studies specifically targeted individuals with impaired glucose or type 2 diabetes. Three 
studies were included in the meta-analysis for glucose [21, 193, 195] and a fixed effects model was used 
as there was no significant heterogeneity between the studies. Mean difference were used for effects as 
all studies included in the meta-analysis measured glucose in a fasted state. 
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Figure 2.16: Effect of workplace exercise vs. no-exercise control on changes to fasting glucose (mmol·L-1). 
 
 
 
Figure 2.17: Summary of the strength of evidence (GRADE) [177] for improvements to primary and secondary 
outcomes. 
  
 
1
13
 
Table 2.6: Metabolic outcomes for workplace exercise interventions 
Author (year)       
Country 
Group Measure Pre Post Follow-up 1 Follow-up 2 Significance  
(time) 
Significance 
(group x time) 
Randomised controlled trials        
Anshel (2009)            
USA [187] 
  SBP (mm Hg)             
 Treatment  124±12 125±11   N/A NS 
 Control  122±17 118±12   N/A  
  DBP (mm Hg)       
 Treatment  76±6 77±8   N/A NS 
 Control  74±10 73±9   N/A  
Barene (2014)                   
Norway [21] 
SBP (mm Hg)  Change (95% CI) 
vs control 
    
 Soccer  113±17 Δ-0.3(-4.1 to 3.4)   NS NS 
 Zumba  113±16 Δ-2.1(-5.9 to 1.7)   NS  
 Control  114±13      
  DBP (mm Hg)       
 Soccer  73±9 Δ+0.8(-1.9 to 3.4)   NS NS 
 Zumba  72±10 Δ+0.6(-2.1 to 3.2)   NS  
 Control  73±9      
  TC (mmol/L)       
 Soccer  4.9±0.8 Δ+0.0(-0.3 to 0.3)   NS NS 
 Zumba  5.5±1.2 Δ-0.2(-0.5 to 0.1)   NS  
 Control  5.6±1.1      
  HDL-C (mmol/L)       
 Soccer  1.7±0.3 Δ+0.0(-0.1 to 0.1)   NS NS 
 Zumba  1.8±0.4 Δ+0.0(-0.1 to 0.1)   NS  
 Control  1.8±0.4      
  LDL-C (mmol/L)       
 Soccer  3.2±0.7 Δ-1.0(-0.3 to 0.2)   NS NS 
 Zumba  3.5±1.2 Δ-2.0(-0.5 to 0.1)   NS  
 Control  3.7±1.0      
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Table 2.6 (continued) 
Author (year)       
Country 
Group Measure Pre Post Follow-up 1 Follow-up 2 Significance  
(time) 
Significance 
(group x time) 
Barene (2014)                   
Norway (con’t) 
TG (mmol/L)       
 Soccer  1.0±0.6 Δ+0.0(-0.2 to 
0.2) 
  NS NS 
 Zumba  0.9±0.5 Δ+0.1(-0.1 to 
0.2) 
  NS  
 Control  1.0±0.4      
  Glucose (mmol/L)       
 Soccer  5.2±0.5 Δ+0.1(-0.2 to 
0.3) 
  NS NS 
 Zumba  5.4±1.1 Δ-0.2(-0.4 to 
0.0) 
  NS 
 Control  5.3±0.5      
Christensen (2012)                             
Denmark [22] 
  SBP (mm Hg)             
 Treatment  134±20 126±15   p<0.001 NS 
 Control  129±12 126±15   p=0.025  
  DBP (mm Hg)       
 Treatment  86±11 82±9   p<0.001 NS 
 Control  82±8 81±9   NS  
Dalager (2016) 
Denmark [193] 
  SBP (mm Hg)  Change±SD     
 Treatment  124±17 Δ-3.4±12.5   p<0.05 NS 
 Control  124±16 Δ-1.5±13.1   NS  
  DBP (mm Hg)       
 Treatment  81±11 Δ-2.8±7.8   p<0.05 NS 
 Control  82±10 Δ-2.3±6.2   p<0.05  
  TC (mmol/L)       
 Treatment  5.1±1.0 Δ-0.1±0.66   NS NS 
 Control  5.1±1.0 Δ-0.1±0.5   p<0.05  
  HDL-C (mmol/L)       
 Treatment  1.7±0.5 Δ 0.0±0.2   NS NS 
 Control  1.6±0.4 Δ 0.0±0.2   NS  
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Table 2.6 (continued) 
Author (year)       
Country 
Group Measure Pre Post Follow-up 1 Follow-up 2 Significance  
(time) 
Significance 
(group x time) 
Dalager (2016) 
Denmark (con’t) 
        
  LDL-C (mmol/L)       
 Treatment  2.9±0.8 Δ 0.0±0.5   NS NS 
 Control  3.0±0.8 Δ 0.0±0.4   NS  
  TG (mmol/L)       
 Treatment  1.1±0.8 Δ 0.0±0.3   NS NS 
 Control  1.1±0.5 Δ 0.0±0.4   NS  
  Fasting glucose (mmol/L)       
 Treatment  5.3±0.9 Δ-0.1±0.8   p<0.05 NS 
 Control  5.2±1.1 Δ-0.1±0.6   p<0.05  
De Zeeuw (2010)   
Netherlands [179] 
  SBP (mm Hg)             
 Treatment  133±13 127±10   N/A NS 
 Control  126±15 125±11   N/A  
  DBP (mm Hg)       
 Treatment  86±10 84±12   N/A NS 
 Control  83±7 85±8   N/A  
  Resting heart rate (bpm)       
 Treatment  73±13 65±8   N/A p<0.01 
  Control   69±11 69±14     N/A  
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Table 2.6 (continued) 
Author (year)       
Country 
Group Measure Pre Post Follow-up 1 Follow-up 2 Significance  
(time) 
Significance 
(group x time) 
Gram (2012)              
Denmark [201] 
  SBP (mm Hg)   Change±SD     
 Treatment  135±14 Δ-1.8±13.4   N/A NS 
 Control  132±17 Δ-2.0±11.3   N/A  
  DBP (mm Hg)       
 Treatment  86±10 Δ-1.9±10.4   N/A NS 
 Control  85±11 Δ-2.9±11.2   N/A  
  TC (mmol/L)       
 Treatment  5.1±0.9 Δ-0.2±0.7   N/A NS 
 Control  5.2±1.1 Δ+0.1±0.6   N/A  
  HDL-C (mmol/L)       
 Treatment  1.3±0.3 Δ+0.0±0.1   N/A NS 
 Control  1.4±0.3 Δ+0.0±0.2   N/A  
  LDL-C (mmol/L)       
 Treatment  3.2±0.7 Δ+0.0±0.4   N/A NS 
 Control  3.3±1.0 Δ+0.0±0.5   N/A  
  TG (mmol/L)       
 Treatment  1.4±0.9 Δ+0.0±0.7   N/A NS 
 Control  1.4±0.6 Δ+0.0±0.6   N/A  
Grandjean (1996)                       
USA [198] 
TC (mmol/L)             
 Treatment  5.2±0.9 4.7±0.7   p<0.0001 NS 
 Control  5.3±1.0 4.8±1.0   p<0.0001  
  HDL-C (mmol/L)       
 Treatment  1.4±0.4 1.5±0.3   NS NS 
 Control  1.5±0.3 1.5±0.3   NS  
  LDL-C (mmol/L)       
 Treatment  3.1±0.9 2.5±0.7   p<0.0001 NS 
 Control  3.1±1.0 2.7±0.8   p<0.0001  
  VLDL-C (mmol/L)       
 Treatment  0.7±0.3 0.6±0.3   NS NS 
 Control  0.7±0.3 0.6±0.3   NS  
  TG (mmol/L)       
 Treatment  1.5±0.7 1.4±0.7   NS NS 
 Control  1.5±0.7 1.4±0.7   NS  
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Table 2.6 (continued) 
Author (year)       
Country 
Group Measure Pre Post Follow-up 1 Follow-up 2 Significance  
(time) 
Significance 
(group x time) 
Heath (1984)                               
USA [107] 
SBP (mm Hg)             
 
Diet 
 
N/A N/A 
    
 
Exercise 
 
128±11 120±14 
  
p<0.01 N/A 
 
Diet + 
Exercise 
 
121±9 107±6 
  
p<0.01 
  
DBP (mm Hg) 
      
 
Diet 
 
N/A N/A 
    
 
Exercise 
 
82±11 72±6 
  
p<0.01 N/A 
 
Diet + 
Exercise 
 
79±8 70±6 
  
p<0.01 
  
Resting HR (bpm) 
      
 
Diet 
 
N/A N/A 
    
 
Exercise 
 
78±9 82±7 
  
NS N/A 
 
Diet + 
Exercise 
 
77±7 71±10 
  
p<0.05 
  
TC (mmol/L) 
      
 
Diet 
 
5.5±0.9 5.6±0.7 
  
NS N/A 
 
Exercise 
 
5.6±1.1 5.4±0.8 
  
p<0.05 
 
Diet + 
Exercise 
 
5.7±0.8 5.4±1.1 
  
p<0.05 
  
HDL-C (mmol/L) 
      
 
Diet 
 
1.2±0.2 1.2±0.2 
  
NS N/A 
 
Exercise 
 
1.2±0.5 1.2±0.4 
  
NS 
 
Diet + 
Exercise 
 
1.2±0.3 1.0±0.3 
  
NS 
  
LDL-C (mmol/L) 
      
 
Diet 
 
3.9±0.7 4.3±0.6 
  
NS N/A 
 
Exercise 
 
3.8±0.9 3.5±0.7 
  
p<0.05 
 
Diet + 
Exercise 
 
4.1±0.9 3.9±1.1 
  
p<0.05 
  TG (mmol/L)       
 Diet  1.1±0.1 0.8±0.3   p<0.05 N/A 
 Exercise  1.5±0.9 1.6±0.6   NS  
 Diet + 
Exercise 
 1.1±0.6 1.1±0.5   NS  
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Table 2.6 (continued) 
Author (year)       
Country 
Group Measure Pre Post Follow-up 1 Follow-up 2 Significance  
(time) 
Significance 
(group x time) 
Korshoj (2016) 
Denmark [25] 
 SBP (mm Hg)  Change (95% CI) vs. 
control group 
    
 Treatment  125±25 Δ+3.8(-0.9 to 8.5)   p<0.01 (increase) p<0.01 
 Control  120±18    NS 
  DBP (mm Hg)       
 Treatment  84±14 Δ-1.5(-4.2 to 1.1)   p<0.05 NS 
 Control  82±11    p<0.05 
  Resting HR (bpm)       
 Treatment  72±11 Δ-5.3(-8.5 to -2.1)   NS p<0.01 
 Control  71±9    p<0.05 (increase) 
  TC (mmol/L)       
 Treatment  5.8±1.3 Δ-0.3(-0.6 to 0.0)   p<0.05 p=0.02 
 Control  5.5±1.2    NS 
  HDL-C (mmol/L)       
 Treatment  1.5±0.4 Δ-0.01(-0.01 to 0.01)   NS NS 
 Control  1.5±0.4    NS 
  LDL-C (mmol/L)       
 Treatment  3.5±1.0 Δ-0.2(-0.5 to 0.0)   p<0.05 NS 
 Control  3.2±1.0    p<0.05 
  TG (mmol/L)       
 Treatment  1.5±0.8 Δ-0.1(-0.3 to 0.2)   NS NS 
 Control  1.4±0.7    NS 
  High-sensitivity CRP (μg/ml)       
 Treatment  1.4±1.3 Δ-0.7(-1.1 to -0.2)   NS p<0.01 
 Control  1.5±2.1    p<0.05 (increase) 
  Haemoglobin A1c (%)       
 Treatment  5.3±0.8 Δ0.0(-0.1 to 0.2)   NS NS 
 Control  5.2±0.5    NS 
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Table 2.6 (continued) 
Author (year)       
Country 
Group Measure Pre Post Follow-up 1 Follow-up 2 Significance  
(time) 
Significance 
(group x time) 
Lee (1997)             
Australia [199] 
 SBP (mm Hg)  12 weeks 24 weeks 48 weeks   
 
Treatment 
 
127±14 122±9 119±9 121±5 p=0.02 at 12 weeks NS at 12, 24 or 
48 weeks 
 
Control 
 
126±14 120±6 119±8 119±7 p=0.02 at 12 weeks 
  
DBP (mm Hg) 
      
 
Treatment 
 
78±11 75±6 75±6 78±5 NS at 12 weeks NS at 12, 24 or 
48 weeks 
 
Control 
 
74±12 74±7 76±4 79±3 NS at 12 weeks 
  
Resting HR (bpm) 
      
 
Treatment 
 
83±10 78±8 78±7 82±8 p=0.03 at 12 weeks NS at 12 or 24 
weeks; N/A for 
48 weeks 
 
Control 
 
82±11 78±9 77±13 75±8 p=0.03 at 12 weeks 
  
TC (mmol/L) 
      
 
Treatment 
 
5.3±1.2 5.5±1.1 5.6±1.1 5.5±1.1 NS at 12 weeks NS at 12, 24 or 
48 weeks 
 
Control 
 
5.4±0.9 5.2±1.0 5.5±1.1 5.5±0.9 NS at 12 weeks 
  
HDL-C (mmol/L) 
      
 
Treatment 
 
1.5±0.5 1.6±0.5 1.6±0.5 1.6±0.6 p=0.04 at 12 weeks NS at 12, 24 or 
48 weeks 
 
Control 
 
1.5±0.3 1.6±0.4 1.5±0.4 1.5±0.3 p=0.04 at 12 weeks 
  
TC:HDL-C ratio 
      
 
Treatment 
 
3.7±1.3 3.5±1.2 3.5±1.0 3.6±1.4 p=0.05 at 12 weeks NS at 12, 24 or 
48 weeks 
 
Control 
 
3.8±0.9 3.4±0.9 3.9±1.2 3.8±1.0 p=0.05 at 12 weeks 
  
TG (mmol/L) 
      
 
Treatment 
 
1.1±0.4 1.06±0.40 0.97±0.47 1.10±0.64 NS at 12 weeks NS at 12, 24 or 
48 weeks 
 
Control 
 
1.2±0.4 1.2±0.5 1.3±0.6 1.4±0.8 NS at 12 weeks 
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Table 2.6 (continued) 
Author (year)       
Country 
Group Measure Pre Post Follow-up 1 Follow-up 2 Significance  
(time) 
Significance 
(group x time) 
Murphy (2006)         
Ireland [183] 
 
SBP (mm Hg) 
      
 
Treatment 
 
120±20 115±17 
  
N/A p<0.05 
 
Control 
 
117±13 119±10 
  
N/A 
  
DBP (mm Hg) 
      
 
Treatment 
 
77±9 76±10 
  
N/A NS 
 
Control 
 
75±9 74±7 
  
N/A 
  
TC (mmol/L) 
      
 
Treatment 
 
5.7±1.1 6.0±1.3 
  
N/A NS 
 
Control 
 
5.7±1.3 6.1±1.7 
  
N/A 
  
HDL-C (mmol/L) 
      
 
Treatment 
 
1.1±0.3 1.3±0.5 
  
N/A NS 
 
Control 
 
1.1±0.3 1.4±0.5 
  
N/A 
  
LDL-C (mmol/L) 
      
 
Treatment 
 
4.1±1.1 4.0±1.4 
  
N/A NS 
 
Control 
 
4.1±1.2 4.2±1.6 
  
N/A 
  
TG (mmol/L) 
      
 
Treatment 
 
1.4±1.2 1.4±1.1 
  
N/A NS 
 
Control 
 
1.2±0.6 1.3±0.6 
  
N/A 
  
CRP (mg/L) 
      
 
Treatment 
 
1.9±1.7 1.6±1.5 
  
N/A NS 
  Control   1.5±1.5 1.5±1.3     N/A 
  
 
1
21
 
Table 2.6 (continued) 
Author (year)       
Country 
Group Measure Pre Post Follow-up 1 Follow-up 2 Significance  
(time) 
Significance 
(group x time) 
Ostwald (1989)                    
USA [191] 
SBP (mm Hg)             
 
Treatment (moderate) 
 
116±12 115±11 
  
NS NS 
 
Treatment (Intensive) 
 
113±13 113±11 
  
NS 
  
DBP (mm Hg) 
      
 
Treatment (moderate) 
 
71±11 77±9 
  
NS NS 
 
Treatment (Intensive) 
 
70±14 76±8 
  
NS 
  
Resting HR (bpm) 
      
 
Treatment (moderate) 
 
81±41 75±14 
  
NS NS 
 
Treatment (Intensive) 
 
85±14 76±12 
  
p=0.009 
  
TC (mmol/L) 
      
 
Treatment (mild) 
 
5.4±1.3 5.1±1.1 
  
NS NS 
 
Treatment (moderate) 
 
5.2±1.0 5.0±0.8 
  
NS 
 
Treatment (Intensive) 
 
5.1±1.1 4.7±1.0 
  
p=0.036 
  
HDL-C (mmol/L) 
      
 
Treatment (mild) 
 
1.1±0.3 1.2±0.3 
  
NS NS 
 
Treatment (moderate) 
 
1.2±0.4 1.3±0.4 
  
NS 
 
Treatment (Intensive) 
 
1.2±0.3 1.2±0.2 
  
NS 
  
TC:HDL-C ratio 
      
 
Treatment (mild) 
 
5.2±1.7 4.8±1.6 
  
p=0.008 NS 
 
Treatment (moderate) 
 
4.5±1.1 4.2±1.1 
  
p=0.011 
 
Treatment (Intensive) 
 
4.1±1.4 3.9±0.9 
  
NS 
  TG (mmol/L)       
 Treatment (mild)  1.5±0.9 1.2±0.6   p=0.043 NS 
 Treatment (moderate)  1.2±0.7 1.3±0.7   NS  
 Treatment (Intensive)  1.6±0.6 1.2±0.7   NS  
  Fasting glucose 
(mmol/L) 
      
 Treatment (mild)  5.3±0.6 4.8±1.2   p=0.008 p=0.044 
 Treatment (moderate)  5.0±0.5 4.9±0.6   NS  
 Treatment (Intensive)  5.1±0.4 4.6±0.5   p<0.001  
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Table 2.6 (continued) 
Author (year)       
Country 
Group Measure Pre Post Follow-up 1 Follow-up 2 Significance  
(time) 
Significance 
(group x time) 
Pressler (2010)            
Germany [184] 
 SBP (mm Hg)       
 Treatment  137±16 136±13   NS NS 
 Control  140±14 138±12   NS  
  DBP (mm Hg)       
 Treatment  87±11 85±9   NS NS 
 Control  89±10 85±7   p=0.03  
  HDL-C (mmol/L)       
 Treatment  1.2±0.3 1.2±0.2   NS NS 
 Control  1.3±0.3 1.3±0.3   NS  
  TG (mmol/L)       
 Treatment  1.8±0.9 1.8±0.9   NS NS 
 Control  2.1±1.5 2.2±1.3   NS  
  Fasting glucose 
(mmol/L) 
      
 Treatment  4.9±0.8 4.7±0.7   NS NS 
  Control   5.1±0.6 4.8±0.6     p=0.01  
Pritchard (2002)           
Australia [23] 
  SBP (mm Hg)             
 Diet  131±10 126±8   NS NS vs. control 
 Exercise  133±13 129±12   NS  
 Diet + Exercise  126±8 122±7   NS  
 Control  127±9 125±8   NS  
  DBP (mm Hg)       
 Diet  80±10 76±6   NS NS vs. control 
 Exercise  80±10 76±8   NS  
 Diet + Exercise  75±10 73±8   NS  
 Control  78±9 75±10   NS  
  Fasting insulin 
(pmol/L) 
      
 Diet  81.3±40.3 66.7±26.4   NS NS vs. control 
 Exercise  89.6±50.7 56.3±29.9   p<0.01  
 Diet + Exercise  57.6±19.4 38.2±20.1   p<0.01  
 Control  71.5±32.6 63.9±27.1   NS  
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Table 2.6 (continued) 
Author (year)       
Country 
Group Measure Pre Post Follow-up 1 Follow-up 2 Significance  
(time) 
Significance 
(group x time) 
Pritchard (2002)           
Australia (con’t) 
 TC (mmol/L)       
 
Diet  6.3±1.3 5.5±1.3   NS NS vs. control 
 
Exercise  6.1±1.2 5.9±1.1   NS 
 
Diet + Exercise  5.5±0.8 5.2±1.0   p<0.05 
 
Control  5.1±1.4 5.3±0.7   NS  
 
 HDL-C (mmol/L)       
 
Diet  1.1±0.3 1.1±0.3   NS NS vs. control 
 
Exercise  1.2±0.3 1.3±0.3   NS 
 
Diet + Exercise  1.2±0.3 1.2±0.6   NS 
 
Control  1.2±0.3 1.2±0.3   NS  
 
 LDL-C (mmol/L)       
 
Diet  4.1±1.3 3.4±1.0   NS NS vs. control 
 
 
Exercise  4.1±1.2 3.7±1.0   NS 
 
Diet + Exercise  3.7±0.6 3.5±0.8   p<0.05 
 
Control  3.7±1.2 3.3±0.5   NS  
Schwarz (2008)                  
Sweden [195] 
SBP (mm Hg)             
 
Exercise  118±21 116±20   NS NS 
 
Reduced hours  114±15 113±16   NS  
 
Control  111±14 110±13   N/A  
 
 DBP (mm Hg)       
 
Exercise  81±13 80±12   NS NS 
 
Reduced hours  80±11 78±11   NS  
 
Control  77±11 76±11   N/A  
 
 Resting HR (bpm)       
 
Exercise  64±8 64±11   NS NS 
 Reduced hours  64±9 63±7   NS  
 Control  63±8 63±9   N/A  
  TC (mmol/L)       
 Exercise  5.1±0.9 5.2±1.0   p=0.001 NS 
 Reduced hours  5.2±0.9 5.3±1.0   NS  
 Control  5.3±1.0 5.5±1.1   p<0.001  
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Table 2.6 (continued) 
Author (year)       
Country 
Group Measure Pre Post Follow-up 1 Follow-up 2 Significance  
(time) 
Significance 
(group x time) 
Schwarz (2008)                  
Sweden (con’t) 
HDL-C (mmol/L)       
 
Exercise  1.9±0.4 1.9±0.4   p=0.001 NS 
 
Reduced hours  1.8±0.3 1.9±0.4   NS 
 
Control  1.8±0.3 1.9±0.4   p=0.003 
 
 LDL-C (mmol/L)       
 
Exercise  2.8±0.7 2.8±0.8   p=0.02 NS 
 
Reduced hours  2.9±0.7 2.9±0.7   NS 
 
Control  3.0±0.9 3.1±0.9   p<0.001 
 
 LDL-C:HDL-C 
ratio (mmol/L) 
      
 
Exercise  1.6±0.6 1.6±0.5   NS NS 
 
 
Reduced hours  1.6±0.5 1.6±0.5   NS 
 
Control  1.7±0.6 1.7±0.6   NS 
 
 TG (mmol/L)       
 
Exercise  1.0±0.5 1.1±0.7   p=0.001 NS 
 
 
Reduced hours  1.0±0.6 1.1±0.9   NS 
 
Control  1.0±0.7 1.1±1.1   p=0.016 
 
 Fasting glucose 
(mmol/L) 
      
 
Exercise  5.1±0.5 4.9±0.8   p=0.036 p=0.04 
 
 
Reduced hours  5.1±0.5 5.0±0.5   NS 
 
Control  5.0±0.4 5.0±0.6   NS 
 
 HbA1c (mmol/L)       
 
Exercise  4.3±0.3 4.3±0.3   p=0.03 NS 
 
Reduced hours  4.4±0.3 4.3±0.4   NS 
 
Control   4.4±0.3 4.3±0.4     NS 
  
 
1
25
 
Table 2.6 (continued) 
Author (year)       
Country 
Group Measure Pre Post Follow-up 1 Follow-up 2 Significance 
(time) 
Significance 
(group x time) 
Zavanela (2012)            
Brazil [108] 
 SBP (mm Hg)       
 Treatment  124±10 117±5   p<0.05 p<0.05 
 Control  125±17 128±13   NS  
  DBP (mm Hg)       
 Treatment  82±8 78±6   p<0.05 p<0.05 
  Control   83±11 87±10     NS  
Non-randomised controlled trials        
King (1988)                    
USA [203] 
 SBP (mm Hg)       
 Treatment  130±18 123±14   N/A NS 
 Control  126±12 120±9   N/A  
  DBP (mm Hg)       
 Treatment  84±11 78±11   N/A NS 
 Control  80±9 78±8   N/A  
Tsai (2011)                      
Taiwan [186] 
 SBP (mm Hg)       
 Treatment  
(1-12 sessions) 
n=13 
 118±3 115±2   NS N/A 
 Treatment  
(13-24 sessions) 
n=24 
 124±3 117±3   p<0.01  
 Treatment  
(25-36 sessions) 
n=32 
 127±2 122±2   p<0.01  
  DBP (mm Hg)       
 Treatment  
(1-12 sessions) 
n=13 
 73±4 68±2   NS N/A 
 Treatment  
(13-24 sessions) 
n=24 
 72±2 67±2   p<0.01  
 Treatment  
(25-36 sessions) 
n=32 
 77±2 72±2   p<0.05  
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Table 2.6 (continued) 
Author (year)       
Country 
Group Measure Pre Post Follow-up 1 Follow-up 2 Significance 
(time) 
Significance 
(group x time) 
Tsai (2011)                      
Taiwan (con’t) 
 Resting HR (bpm)       
 
Treatment  
(1-12 sessions) 
n=13 
 77±3 74±2   NS N/A 
 
Treatment  
(13-24 sessions) 
n=24 
 75±2 75±2   NS 
 
Treatment  
(25-36 sessions) 
n=32 
 83±2 77±1   p<0.001 
Yuan (2009)                   
Taiwan [205] 
 SBP (mm Hg)             
 Treatment  120±16 118±12   NS NS 
 Control  115±14 114±11   NS  
  DBP (mm Hg)       
 Treatment  77±12 79±11   NS NS 
  Control   77±14 75±12     NS  
Uncontrolled trials        
Aldana (2006)                     
USA [20] 
Two-hour oral glucose 
tolerance test (mmol/L) 
  24 months    
 Treatment  9.6±2.3 Δ-2.4 Δ-1.5  p<0.05 at 12 and 
24 months 
N/A 
  Fasting insulin (pmol/L)       
 Treatment  97.2±72.2 Δ-16.0 Δ-1.4  NS N/A 
  Haemoglobin A1c (%)       
 Treatment  5.7±0.6 Δ-0.2 Δ+0.1  p<0.05 at 12 
months;  
NS at 24 months 
N/A 
  High-sensitivity CRP 
(mg/L) 
      
 Treatment  4.3±4.3 Δ-0.5 Δ+0.9  NS N/A 
  TC (mmol/L)       
 Treatment  5.2±0.8 Δ-0.2 Δ-0.3  NS N/A 
  
 
1
27
 
Table 2.6 (continued) 
Author (year)       
Country 
Group Measure Pre Post Follow-up 1 Follow-up 2 Significance 
(time) 
Significance 
(group x time) 
Aldana (2006)                     
USA (con’t) 
HDL-C (mmol/L)       
 Treatment  1.4±0.3 Δ+0.0 Δ-0.1  NS at 12 months;  
p<0.05 at 24 
months 
N/A 
  LDL-C (mmol/L)       
 Treatment  2.9±0.6 Δ+0.0 Δ+0.0  NS N/A 
  VLDL-C (mmol/L)       
 Treatment  1.0±0.4 Δ-0.2 Δ-0.1  p<0.05 at 12 
months;  
NS at 24 months 
N/A 
  TC:HDL-C ratio       
 Treatment  4.1±1.2 Δ-0.2 Δ+0.2  NS N/A 
  TG (mmol/L)       
 Treatment  2.2±0.9 Δ-0.5 Δ-0.3  p<0.05 at 12 
months;  
NS at 24 months 
N/A 
Alkhatib (2015)  
UK [192] 
 SBP (mm Hg)       
 Treatment  126±18 124±11   NS N/A 
  DBP (mm Hg)       
 Treatment  79±13 80±7   NS N/A 
Bjurstrom (1978)                      
USA [188] 
  SBP (mm Hg)     12 months       
 Treatment  123±15  121±15  NS N/A 
  DBP (mm Hg)       
 Treatment  76±11  75±11  NS N/A 
  TC (mmol/L)       
 Treatment  5.6±1.1  5.3±0.9  p<0.001 N/A 
  Glucose (mmol/L)       
 Treatment  6.0±1.2  6.0±1.0  NS N/A 
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Table 2.6 (continued) 
Author (year)       
Country 
Group Measure Pre Post Follow-up 1 Follow-up 2 Significance 
(time) 
Significance 
(group x time) 
Leaf (1997)                
USA [202] 
  TC (mmol/L)  12 months 4 years       
 Treatment  5.1±1.1 5.2±0.9 5.0±0.6  NS N/A 
  HDL-C (mmol/L)       
 Treatment  1.2±0.2 1.3±0.3 1.3±0.3  p<0.05 at 12 
months 
N/A 
  LDL-C (mmol/L)       
 Treatment  3.7±0.9 3.6±0.9 3.6±0.8  NS N/A 
  TC:HDL-C ratio       
 Treatment  4.4±1.3 4.2±1.0 4.1±0.8  NS N/A 
  TG (mmol/L)       
  Treatment   1.2±0.2 1.1±0.6 1.1±0.6   NS N/A 
Pauly (1982)         
USA [206] 
  SBP (mm Hg)             
 Treatment  119 115   p=0.007 N/A 
  DBP (mm Hg)       
 Treatment  74 73   NS N/A 
  Resting HR (bpm)       
 Treatment  73 68   P<0.001 N/A 
  TC (mmol/L)       
 Treatment  5.4 5.0   p=0.001 N/A 
  HDL-C (mmol/L)       
 Treatment  1.7 1.7   NS N/A 
  TC:HDL-C ratio       
 Treatment  3.3 3.2   NS N/A 
  TG (mmol/L)       
 Treatment  2.7 2.2   p=0.001 N/A 
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Table 2.6 (continued) 
Author (year)       
Country 
Group Measure Pre Post Follow-up 1 Follow-up 2 Significance 
(time) 
Significance 
(group x time) 
White (2003)                    
USA [109] 
 SBP (mm Hg)       
 Treatment  126±13 124±12   NS N/A 
  DBP (mm Hg)       
 Treatment  83±7 80±8   NS N/A 
  Resting HR (bpm)       
 Treatment  74±5 75±11   NS N/A 
Yarvote (1974)                        
USA [24] 
SBP (mm Hg)             
 Treatment  135±17 130±12   p<0.001 N/A 
  DBP (mm Hg)       
 Treatment  87±10 83±8   p<0.001 N/A 
  Resting HR (bpm)       
 Treatment  72±9 63±9   p<0.001 N/A 
  TC (mmol/L)       
 Treatment  5.8±1.1 5.7±1.1   NS N/A 
  TG (mmol/L)       
 Treatment  1.2±0.6 1.0±0.4   p<0.01 N/A 
  Fasting glucose 
(mmol/L) 
      
 Treatment  5.5±0.8 5.8±0.7   p<0.01 N/A 
Δ, change; DBP, diastolic blood pressure; HbA1c, glycated haemoglobin; HDL-C, high-density lipoprotein-cholesterol; HR, heart rate; LDL-C, low-density lipoprotein-cholesterol; NA, not available; NS, 
not significant; SBP, systolic blood pressure; VLDL-C, very low-density lipoprotein-cholesterol. Data are presented as mean±SD unless otherwise specified. 
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Table 2.7: Risk of bias for each study across the seven domains outlined in the Cochrane Collaboration tool. 
Author (date) [Ref] 
Risk of bias score 
1 2 3 4 5 6 7 
Randomised controlled trials 
Anshel (2009) [187] U U L L L U H 
Atlantis (2006) [105] L H L L L U L 
Barene (2014) [21] L L L L L L H 
Brox (2005) [106] U L L L L U H 
Christensen (2012) [22] L L L L L L H 
Dalager (2016) [193] L L L L L L L 
De Zeeuw (2010) [179] L U L L L U L 
Edries (2013) [180] L U L L L U H 
Gazmarian (2013) [189] L U L L L U L 
Gerdle (1995) [197] U U L L H U H 
Gram (2012) [201] U L L L L L H 
Grandjean (1996) [198] U U L L L U H 
Heath (1984) [107] U U L L H U H 
Jay (2011) [181] L U L L L L L 
Korshoj (2016) [25] L L L L L L L 
Lee (1997) [199] U U L L L U H 
Murphy (2006) [183] U U L L L U L 
Oden (1989) [190] U U L L U U L 
Ostwald (1989)  [191] U U L L H U L 
Pressler (2010) [184] U U L L L U L 
Pritchard (2002) [23] L U L L L U H 
Ribeiro (2014) [200] L L L L L U H 
Schwarz (2008) [195] U U L L L U H 
Strijk (2012) [185] L L L L L U L 
Vilela (2015) [204] L L L L L U H 
Zavanela (2012) [108] U U L L L U H 
Non-randomised controlled trials 
Allen (1987) [196] H N/A L L H U H 
King (1988) [203] H N/A L U L U H 
Li (2006) [182] H N/A L L H U L 
Pohjonen (2001) [194] H N/A L L H U H 
Puterbaugh (1983) [26] H N/A L L L U H 
Tsai (2011) [186] H N/A L L L U L 
Yuan (2009) [205] H N/A L L L U L 
Uncontrolled trials 
Aldana (2006) [20] N/A N/A L L L U H 
Alkhatib (2015) [192] N/A N/A L L L U L 
Anshel (2010) [160] N/A N/A L L L U H 
Bjurstrom (1978) [188] N/A N/A L L H U H 
Leaf (1997) [202] N/A N/A L L H U H 
Pauly (1982) [206] N/A N/A L L L U H 
White (2003) [109] N/A N/A L L H U H 
Yarvote (1974) [24] N/A N/A L L H U H 
1 = Random sequence generation (selection bias); 2 = Allocation concealment (selection bias); 3 = Blinding of participants and 
personnel (performance bias); 4 = Blinding of outcome assessment (detection bias); 5 = Incomplete outcome data (attrition bias); 6 = 
Selective reporting (reporting bias); 7 = Other sources of bias. H, high risk of bias; L, low risk of bias; U, unclear risk of bias 
(insufficient detail reported) [177]. 
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Table 2.8: Rating of the strength of evidence for each outcome based on risk of bias, consistency, directness and precision using the GRADE system approach 
Quality of evidence assessed using GRADE system approach [177]. 
 
No. of 
participants 
(studies) 
Risk of Bias Consistency Directness Precision 
Strength of 
evidence 
Primary outcomes       
Physical activity 
1910  
(11 studies) 
5 Low/5 Mod/1 High                                               
Overall: Moderate 
Inconsistent - favours treatment group 
in 6 studies (55%), no differences in 5 
studies 
Indirect - goal of 9 studies (82%) was to 
improve the physical activity level, health 
and/or fitness of employees 
Imprecise - variability 
reported in 9 studies 
(82%) 
Very low 
Cardiorespiratory 
fitness 
3620  
(34 studies) 
12 Low/11 Mod/11 High                                               
Overall: Moderate 
Consistent - favours treatment group 
in 24 studies (71%), no differences in 
10 studies 
Direct - goal of 32 studies (94%) was to 
improve the physical activity level, health 
and/or fitness of employees 
Precise - variability 
reported in 32 studies 
(94%) 
Moderate 
Muscular strength 
1118  
(14 studies) 
4 Low/5 Mod/5 High                                               
Overall: Moderate 
Consistent - favours treatment group 
in 11 studies (79%), no differences in 
3 studies 
Direct - goal of 13 studies (93%) was to 
improve the physical activity level, health 
and/or fitness of employees 
Precise - variability 
reported in 13 studies 
(93%) 
Moderate 
Secondary outcomes       
Body mass 
2584  
(26 studies) 
9 Low/7 Mod/ 10 High                                               
Overall: High 
Inconsistent - favours treatment group 
in 14 studies (56%), no differences in 
11 studies 
Direct - goal of 23 studies (92%) was to 
improve the physical activity level, health 
and/or fitness of employees 
Precise - variability 
reported in 23 studies 
(92%) 
Low 
Body mass index 
1378  
(16 studies) 
8 Low/6 Mod/2 High                                               
Overall: Moderate 
Inconsistent - favours treatment group 
in 7 studies (44%), no differences in 9 
studies 
Indirect - goal of 14 studies (88%) was to 
improve the physical activity level, health 
and/or fitness of employees 
Imprecise - variability 
reported in 14 studies 
(88%) 
Very low 
Whole body fat 
2411  
(24 studies) 
9 Low/9 Mod/6 High                                               
Overall: Moderate 
Inconsistent - favours treatment group 
in 14 studies (58%), favours control 
group in 1 study, no differences in 9 
studies 
Indirect - goal of 21 studies (88%) was to 
improve the physical activity level, health 
and/or fitness of employees 
Precise - variability 
reported in 23 studies 
(96%) 
Very low 
Central body fat 
913  
(11 studies) 
7 Low/3 Mod/1 High                                               
Overall: Low 
Consistent - favours treatment group 
in 8 studies (80%), no differences in 3 
studies 
Direct - goal of 10 studies (91%) was to 
improve the physical activity level, health 
and/or fitness of employees 
Precise - variability 
reported in 10 studies 
(91%) 
High 
Blood pressure 
2440  
(23 studies) 
9 Low/9 Mod/5 High                                               
Overall: Moderate 
Inconsistent - favours treatment group 
in 6 studies (26%), favours control 
group in 1 study, no differences in 16 
studies 
Direct - goal of 21 studies (91%) was to 
improve the physical activity level, health 
and/or fitness of employees 
Precise - variability 
reported in 22 studies 
(96%) 
Low 
Blood lipids 
1909  
(17 studies) 
6 Low/6 Mod/4 High                                               
Overall: Moderate 
Inconsistent - favours treatment group 
in 9 studies (53%), no differences in 8 
studies 
Direct - goal of 16 studies (94%) was to 
improve the physical activity level, health 
and/or fitness of employees 
Imprecise - variability 
reported in 14 studies 
(82%) 
Very low 
Insulin, glucose, C-
reactive protein 
1703  
(11 studies) 
5 Low/4 Mod/2 High                                               
Overall: Moderate 
Inconsistent - favours treatment group 
in 4 studies (36%), no differences in 6 
studies 
Direct - goal of 10 studies (91%) was to 
improve the physical activity level, health 
and/or fitness of employees 
Precise - variability 
reported in 10 studies 
(91%) 
Low 
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2.5 Discussion 
In contrast to previous reviews of workplace physical activity interventions, this study specifically 
reviewed interventions involving prescribed exercise in a workplace setting such as aerobic and 
resistance training programs, and assessed the effectiveness of these interventions to improve the 
physical activity participation, health and fitness of employees. 
 
The strength of evidence was graded as high for reductions to central body fat, moderate for increases 
to CRF and muscular strength, and very low for improvements to employee physical activity 
participation. Changes to physical activity participation were not different between treatment and no-
exercise control groups in the RCTs included in the meta-analysis. Interestingly, attrition rates 
exceeded 21% in three of the five studies that reported no changes in physical activity participation 
[184, 185, 202], two of which involved interventions longer than six months in duration [185, 202]. 
In comparison, five of the six studies that reported increases in physical activity participation had 
attrition rates below 20% [179, 180, 189, 195, 200], three of which involved interventions shorter 
than 12 weeks in duration [179, 180, 200]. Attrition was therefore associated with reduced 
effectiveness of interventions to increase employee physical activity participation. Compounding the 
finding of very low strength of evidence for workplace interventions to increase physical activity 
participation is the fact that only three studies used quantitative methods to assess physical activity, 
and the remaining eight used questionnaires. Self-report physical activity assessment tools are 
commonly used but are prone to measurement error [209] and have been shown to overestimate the 
effectiveness of workplace exercise interventions when compared to objective measures of physical 
fitness [44]. Future studies should either measure physical activity objectively using quantitative 
measures such as accelerometers [151], and/or assess changes to physical fitness in order to validate 
findings regarding changes to employee physical activity participation. A further aim of future studies 
should be to investigate strategies to sustain increases to employee physical activity over the long-
term by minimising program attrition. 
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All studies reported an improvement in a least one outcome measure for treatment groups, with 
improvements most frequently observed for CRF (24/34 studies), muscular strength (11/14 studies) 
and central body fat (8/11 studies). However, several studies reported improvements to some but not 
all outcome measures. Specifically, six studies reported improvements to either CRF or muscular 
strength, but no improvement to any body composition or metabolic outcome [109, 182, 187, 192, 
196, 201]. An explanation for this finding may be that five of these six studies used relatively short 
8- to 16-week interventions, as opposed to the longer 6- to 12-month studies that elicited changes to 
body composition and metabolic outcomes [20-25]. Intervention duration may therefore be a key 
consideration for workplace exercise programs aiming to improve the body composition and 
metabolic health of employees. Furthermore, five of the six RCTs that showed no decrease in whole 
body fat for treatment versus control groups either used skinfold measurements [187, 196, 198, 199] 
or did not specify the method of body fat assessment [201], compared with five of the nine RCTs that 
found greater decreases for treatment versus control groups using either DXA [21, 23] or bioelectrical 
impedance [22, 25, 183] measurements. The quality of measurement tool may therefore be an 
important consideration when assessing changes in body composition. 
 
Session volume was only able to be calculated for six aerobic training studies, five of which did not 
measure physical activity, and only three of which reported interaction effects between treatment and 
control groups for changes to CRF (all reporting improvements in favour of the treatment group). 
However, exercise intensity influenced the effectiveness of interventions. The eight studies (including 
five RCTs) reporting a decrease to central body fat all involved moderate- to vigorous-intensity 
exercise, while two of the three RCTs with no effect involved low-intensity aerobic exercise 
(walking) only. It must be acknowledged that while the evidence for reductions to central body fat 
was graded as high, effects were not different between treatment and no-exercise control groups when 
compared via meta-analysis. Furthermore, although workplace exercise significantly reduced whole 
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body fat compared to no intervention, results were not clinically meaningful and the quality of 
evidence was graded as very low. Specifically, six of the fifteen RCTs reported no differences in the 
change to whole body fat for a treatment versus control group [184, 187, 193, 198, 199, 201], although 
as previously acknowledged four of these RCTs used skinfold measurements to assess body 
composition and one RCT [187] prescribed the same exercise intervention for both the treatment and 
control groups, with only the treatment group participating in weekly self-monitoring. 
 
Overall, the effects of the interventions were not different between treatment and non-exercise control 
groups for changes to blood lipids or glucose. Of the nine studies that improved at least one blood 
lipid component in healthy [24, 25, 188, 191, 202, 206], overweight [23, 107] or individuals with pre-
diabetes or diabetes [20], seven involved moderate- to vigorous-intensity exercise while the 
remaining two studies did not specify the exercise intensity prescribed. Exercise intensity also 
appeared to be a factor in determining improvements to CRF and muscular strength. Twenty-one of 
the twenty-four studies that reported increases to CRF (including 11 RCTs reporting interaction 
effects in favour of the treatment group) and nine of the eleven studies that reported increases to 
muscular strength (including four RCTs reporting interaction effects in favour of the treatment group) 
involved moderate- to high/vigorous-intensity exercise. One RCT [187] that reported interaction 
effects in favour of the treatment group for improvements to both CRF and muscular strength 
prescribed the same exercise intervention for both the treatment and control groups, with only the 
treatment group participating in weekly self-monitoring. All other RCT’s reporting interaction effects 
involved non-exercise control groups. Exercise intensity was not specified in four studies reporting 
improvements to either CRF or muscular strength. Indeed, Exercise and Sports Science Australia 
[146] and the ACSM [90] recommend moderate- to vigorous-intensity exercise to attain 
improvements in health and fitness for most adults. Workplace exercise interventions aiming to 
reduce the metabolically important visceral body fat and improve the independent cardiovascular risk 
factors CRF and muscular strength should therefore prescribe exercise of at least moderate-
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high/vigorous intensity. Based on these findings, future workplace interventions aiming to improve 
employee physical activity participation, CRF, muscular strength, body composition and metabolic 
health should involve aerobic and resistance exercise of at least moderate- to vigorous-intensity over 
a minimum eight weeks. 
 
Providing exercise supervision has been shown to reduce attrition [15] and improve the effectiveness 
of exercise interventions to improve health and fitness in clinical populations [14, 27, 29]. Despite 
most studies (37/41) providing some exercise supervision during the interventions, only one non-
RCT directly compared group supervised and unsupervised aerobic exercise [26]. Greater reductions 
to body mass for the supervised versus unsupervised group, but no differences between groups in 
changes to CRF were observed in the 12-week study [26]. Furthermore, no studies provided direct 
1:1 exercise supervision and instruction to employees for the duration of an intervention. Therefore, 
the efficacy of providing direct 1:1 exercise supervision in a workplace intervention to improve 
employee physical activity participation, health and fitness remains unclear. In addition, no studies 
accounted for an individuals’ stage of motivational readiness for change, a strategy that has shown 
efficacy in increasing physical activity participation in other workplace interventions [210-212]. This 
may be due to the quantitative nature of exercise prescription involved in the studies included in this 
review, in comparison to the general lifestyle behaviour-change strategies used by studies 
incorporating theories such as the transtheoretical model of change [34] which typically involves 
print materials specific for an individuals’ stage of motivational readiness for change. 
 
Although there was no significant relationship between intervention duration and attrition, eight of 
the eleven studies reporting attrition rates above 30% involved interventions of six months or longer, 
and attrition had a negative effect on changes to physical activity participation. Ongoing regular 
participation is required in order to maintain the health and fitness benefits achieved from exercise 
over the long-term [32, 33]. Therefore, strategies to minimise attrition particularly during longer 
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interventions should be investigated. These strategies may include ascertaining employee exercise 
preferences and perceived barriers to workplace exercise participation prior to the implementation of 
an exercise intervention, as these factors may differ across populations and workplaces [213]. In order 
to maximise employee engagement and sustain long-term participation in a workplace exercise 
program, an assessment of perceived barriers and facilitators to workplace exercise participation may 
be valuable during the intervention design process.  
 
2.6 Conclusions 
Although direct comparisons were difficult due to the heterogeneity of study designs included in this 
review, several conclusions can be drawn. Firstly, there is good evidence that workplace exercise 
programs can increase employee CRF and muscular strength, however the evidence for 
improvements to body composition and metabolic outcomes is weaker. Secondly, exercise of 
moderate- to vigorous-intensity is important for improving employee CRF, muscular strength, 
visceral body fat and blood lipids. Finally, no workplace exercise studies have investigated the 
effectiveness of direct 1:1 supervision on employee physical activity participation, attrition, health 
and fitness, a strategy that warrants further investigation given the overall modest effects to date.  
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3 Differences in perceived barriers and facilitators to workplace exercise participation of 
university employees reporting low, moderate and high physical activity participation 
 
3.1 Preface 
Findings from the systematic review indicate some positive benefits of workplace exercise 
interventions to employee health, fitness and physical activity participation, but the negative impact 
of attrition plays a pivotal role in determining outcomes (see Chapter 2.4.1.11). To be able to 
effectively overcome attrition, individual barriers and facilitators to exercise must be considered. This 
chapter investigates the associations between physical activity participation and perceived barriers 
and facilitators to workplace exercise participation in a cohort of university employees, a population 
that may be at an increased chronic disease risk due to sedentary working environments. 
 
3.2 Introduction 
The importance of adequate physical activity and exercise in reducing the risk of cardiovascular, 
respiratory and metabolic disease risk is well established [214]. Regular exercise improves 
cardiorespiratory and muscular fitness, reducing all-cause and cardiovascular mortality risk [4, 54, 
65, 72, 215]. Furthermore, prolonged sedentary behaviour (i.e. sitting) has recently been identified as 
an independent cardiometabolic [216, 217] and all-cause mortality risk factor [218, 219]. Despite the 
respective negative and positive health consequences of sedentary behaviour and exercise, 41% of 
men and 48% of women living in developed countries do not engage in sufficient (at least 150 minutes 
per wk) moderate-intensity physical activity to attain health benefits [6]. Globally, physical inactivity 
is estimated to cause 10% of the breast and colon cancer burden, 7% of type 2 diabetes, 6% of 
ischaemic heart disease, and 9% of overall premature mortality using conservative population 
attributable fractions [2]. 
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The workplace presents a viable setting in which to promote exercise, and reduce the risk of lifestyle-
related diseases attributable to physical inactivity [8]. A sample of employees representative of the 
U.S. census population reported that workplace fitness centres are their most preferred workplace 
health promotion service, and that they would make use of onsite fitness facilities if they were 
provided [220]. In a systematic review and meta-analysis, Conn, et al. [16] concluded that workplace 
physical activity interventions can improve employee health, noting small (physical activity, blood 
lipid profile, body composition, quality of life, mood), moderate (fitness) and large (diabetes risk) 
effects on health-related outcomes. Universities present suitable settings for the delivery of onsite 
workplace exercise programs for several reasons. Firstly, large numbers of employees allow for 
economies of scale in program development and implementation. Secondly, universities often possess 
the infrastructure, resources and expertise required to deliver, monitor and assess the effectiveness of 
exercise programs [157]. Thirdly, many job roles within universities involve prolonged sedentary 
behaviour throughout the working day [162], creating a significant opportunity for change [221]. 
 
While onsite fitness centres offer convenience and reduced employee membership costs [134], studies 
involving US [135] and Canadian [163] university employees report physical inactivity rates of 38% 
and 65% respectively. In addition to the associated health risks, lower employee physical activity 
levels are linked to higher perceived work demands and lower self-efficacy which affect motivation, 
energy, and in turn the implementation of good intention [222]. A review of physical activity, diet 
and weight loss interventions conducted in university settings found that nine of ten studies 
investigating changes in physical activity participation or fitness reported improvements in daily step 
counts, leisure-time physical activity, CRF, muscular strength, flexibility and/or daily sitting time 
[17]. However, most interventions were of short duration (five to twelve weeks) and low overall 
participation rates were acknowledged as a limiting factor to the wider positive impact on employee 
health and fitness [17]. Specifically, several recent survey [134, 135] and focus group [136, 137] 
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studies have cited time constraints and work schedule conflicts as the most commonly reported 
barriers to health and physical activity program participation by university employees.  
 
Given the inactivity rates of university employees and the associated health risks of insufficient 
physical activity, the sedentary nature of many job roles within the university environment and the 
lack of uptake of previous exercise interventions, identifying ways to minimise barriers and facilitate 
exercise participation are needed [213]. Understanding the perceived barriers and facilitators to 
exercise participation will assist the development of targeted workplace exercise programs aiming to 
achieve wide engagement within the workplace and to improve the long-term physical activity 
participation, health and fitness of employees. Of further interest are the associations between 
perceived exercise barriers and facilitators and overall physical activity participation, as differences 
may exist between employees meeting and not meeting physical activity recommendations.  
 
This study investigated i) the current physical activity levels of university employees; ii) the perceived 
barriers and facilitators to workplace exercise participation; and iii) the associations between 
perceived exercise barriers and facilitators and current physical activity participation. It was 
hypothesised that approximately two-thirds of surveyed employees would report not meeting physical 
activity guidelines, that a lack of time and motivation would be the most cited barrier dimension in 
relation to workplace exercise participation, and that the majority of employees would prefer to 
receive personal or group assistance if they were to begin (or increase) exercise participation. 
 
3.3 Methods 
3.3.1 Participants and procedures 
After approval for the study by the RMIT university human research ethics committee (ASEHAPP 
55-14; Appendix B, pg. 250), employees of an Australian university’s national (Melbourne (City and 
Bundoora)) and international (Vietnam) campuses were invited to participate in an online survey 
(Appendix D: PICF, pg. 256). The survey was advertised in the university’s weekly employee 
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newsletter and on the research page of the university website during January to April 2015. The 
survey was conducted online using Qualtrics (Qualtrics Development Company, vers. 0206475, 
Provo, UT, USA) to ensure accessibility and minimise misplacement of paper surveys or failure of 
surveys to be mailed back.  
 
3.3.2 Outcomes 
Demographics. Data on campus location, sex, age, ethnicity, education level, employment type 
(academic, professional or trades and services) and employment status (full-time, part-time or casual) 
were collected. 
 
Stage of behaviour change. The four-item physical activity stage of behaviour change questionnaire 
[223] classified employees into one of five categories of regular physical activity: pre-contemplation, 
contemplation, preparation, action and maintenance. 
 
Physical activity participation. The short-form International Physical Activity Questionnaire (IPAQ) 
[224] was used to assess sedentary (weekday sitting time) and physical activity participation 
(Appendix G, pg. 281). The IPAQ is an open access, self-report measurement tool that quantifies 
physical activity (≥10 min bouts) into three categories; 1) walking; 2) moderate intensity; and 3) 
vigorous intensity physical activity. The frequency and duration of activity performed in each of the 
categories were used to calculate MET-minutes (MET·min) of energy expenditure per week. The 
IPAQ has acceptable reliability (test-retest; Spearman’s ρ = 0.81) and validity (criterion-referenced; 
median ρ = 0.3) in adults in 12 countries, including Australia [225]. The IPAQ data were used to 
classify participants as having a low (not meeting physical activity guidelines); moderate (meeting 
physical activity guidelines); or high (exceeding physical activity guidelines) level of physical 
activity participation [224]. As the IPAQ is a suitable tool for measuring changes in physical activity 
participation, current data can be compared with that collected in future workplace physical activity 
promotion strategies that are developed. 
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Perceived barriers to exercise. The 17-item Corporate Exercise Barriers Scale (C-EBS) using a 5-
point Likert scale (strongly disagree to strongly agree) assessed perceived barriers to exercise 
participation and onsite fitness centre use (Appendix H, pg. 285) [226]. The C-EBS is a reliable 
(Conbach’s alpha 0.62-0.87) measure of barriers to workplace exercise participation [226] that 
contains four barrier dimensions: (a) time/motivation barriers (e.g., job demands don’t allow time), 
(b) exercise attitudes barriers (e.g., I don’t like the way exercise makes me feel), (c) internal barriers 
(e.g., I am embarrassed to exercise around my co-workers), and (d) external barriers (e.g., 
membership costs are too high). Although developed for use in corporate settings, all items within 
this tool are applicable for use in other workplace settings that provide access to a fitness centre, as 
no corporate-specific items are assessed. 
 
Preferred types of exercise. Participants were asked what types of exercise they would most like to 
do if they were to exercise more or to take up exercise. Based on previous research involving 
Australian adults, a list of nine activities (walking, swimming, team sports, racquet sports, jogging, 
gym (fitness centre), aerobics, cycling, and other) that have been found to account for most leisure-
time physical activity [131] were available for participants to choose all that applied. 
 
Preferred types of exercise assistance. Participants were asked what type of assistance they would 
prefer if they were to exercise more or to take up exercise [131]. Ten alternate responses were offered: 
(i) advice from a doctor or other health professional; (ii) a group of other people to exercise with; (iii) 
a personal trainer for each exercise session; (iv) advice over the telephone; (v) a video on how to 
exercise; (vi) a book on how to exercise; (vii) an exercise ‘kit’ containing pamphlets and practical 
tips; (viii) a course sent through the mail; (ix) no form of assistance; (x) other [131]. 
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3.3.3 Statistical analysis 
Survey response data were exported from Qualtrics into the Statistical Package for Social Sciences 
(SPSS for Windows, vers. 24.0, SPSS Inc., Chicago, IL, USA) for analysis. An alpha level of 0.05 
was set as significant for all statistical testing. Descriptive statistics (frequencies and percentages, 
means and standard deviations, medians and interquartile ranges) were used to describe participant 
characteristics and their responses to the survey. Data were inspected visually and statistically 
(Kolmogorov-Smirnov statistic) for normality prior to analysis, and where data were not normally 
distributed and log transformation did not achieve normality, non-parametric analyses were 
conducted. Chi-Square were used to investigate associations between demographic characteristics 
and physical activity participation as defined by the IPAQ (i.e. low, moderate or high). Two-way 
ANOVAs were used to compare physical activity participation between participant sex and campus, 
as chi-square analysis found these demographic characteristics to be significantly associated with 
physical activity participation. If a main effect of the two-way ANOVA was significant, a post-hoc 
comparison using the Tukey HSD test was undertaken. To compare physical activity participation 
and perceived exercise barriers, mean sub-scores were calculated for each barrier dimension (i.e. 
time/motivation, exercise attitudes, internal and external barriers) and also summed to calculate a 
total barrier score. The questions pertaining to each barrier dimension were determined from a 
previous study using factor analysis [226]. A one-way ANOVA compared barrier dimension sub-
scores between those reporting low, moderate and high physical activity participation. If results of 
the ANOVA were significant, a post-hoc comparison using the Tukey HSD test was undertaken. 
 
3.4 Results 
Demographics, stage of behaviour change and physical activity levels 
Of the 299 employees who completed the survey, 133 (44.5%) were classified as exceeding physical 
activity guidelines (i.e. high activity participation), 123 (41.1%) as meeting physical activity 
guidelines (i.e. moderate activity participation) and 43 (14.4%) as not meeting physical activity 
guidelines (i.e. low activity participation). These results indicate higher physical activity participation 
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than that reported in the employee stage of behaviour change questionnaire (i.e. at least 30 minutes 
of physical activity on at least five days per week for the previous six months), with 64.9% of 
employees in maintenance, 8.0% in action, 11.2% in preparation, 12.5% in contemplation and 3.5% 
in the pre-contemplation stage of change. Chi-square analyses revealed that differences between 
campus (p < 0.01; ES [Cramer’s V] = 0.15 [small]) and sex (p < 0.05; ES = 0.16 [small]) were 
significantly associated with physical activity participation (Table 3.1, pg. 145). Ninety-one percent, 
75% and 75% of participants based at Melbourne City, Melbourne Bundoora and Vietnam campuses 
respectively were classified as moderately or highly active. Ninety-one percent of males were 
classified as moderately or highly active compared to 82% of females across all campuses. No 
significant associations between age, ethnicity, education level, employment type or status and 
physical activity participation were observed (Table 3.1, pg. 145).  
 
There were no differences in reported sitting time between sex or campus (Median [IQ range]) (480 
[300 – 540] minutes per week day). Reported weekly walking energy expenditure was higher for 
Melbourne City versus Vietnam participants (Median [IQ range]) (693 [396 - 3386] vs. 182 [62 - 
569] MET·min; p < 0.05; ES [partial eta squared] = 0.029 [small]), with no difference between sex. 
Males reported higher weekly moderate-intensity energy expenditure (Median [IQ range])  (480 [92 
- 960] vs. 240 [0 - 720] MET·min; p < 0.05; ES [partial eta squared] = 0.017 [small]), higher weekly 
vigorous-intensity energy expenditure (960 [120 - 2280] vs. 480 [0 - 1200] MET·min; p < 0.05; ES 
[partial eta squared] = 0.019 [small]), and higher weekly total physical activity energy expenditure 
(2175 [1262 - 3387] vs. 1737 [911 - 3129] MET·min; p < 0.05; ES [partial eta squared] = 0.016 
[small]) than females, with no differences between campuses. 
 
Associations between perceived barriers to exercise and physical activity participation 
Response rates and frequencies to the corporate exercise barriers scale are listed in Table 3.2 (pg. 
146). One-way between-group ANOVA found significant associations between each barrier  
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Table 3.1: Participant demographics and chi-square analyses 
   Physical Activity Level Defined by IPAQ   
   Low Moderate High Chi-square (p) ES (V) 
 Total N % N % N % N %   
Campus         0.01* 0.15 
Melbourne City 198 66.2 18 9.1 86 43.4 94 47.5   
Melbourne Bundoora 89 29.8 22 24.7 33 37.1 34 38.2   
Vietnam 12 4.0 3 25.0 4 33.3 5 41.7   
           
Sex         0.02* 0.16 
Male 116 38.8 10 8.6 45 38.8 61 52.6   
Female 183 61.2 33 18 78 42.6 72 39.3   
           
Age (years)         0.27 0.19 
20-24 5 1.7 1 20.0 0 0.0 4 80.0   
25-29 29 9.7 3 10.3 8 27.6 18 62.1   
30-34 38 12.7 4 10.5 15 39.5 19 50.0   
35-39 44 14.7 8 18.2 15 34.1 21 47.7   
40-44 43 14.4 8 18.6 17 39.5 18 41.9   
45-49 38 12.7 7 18.4 15 39.5 16 42.1   
50-54 40 13.4 4 10.0 22 55.0 14 35.0   
55-59 32 10.7 4 12.5 16 50.0 12 37.5   
60-64 19 6.4 4 21.1 11 57.9 4 21.1   
>64 11 3.7 0 0.0 4 36.4 7 63.6   
           
Ethnicity         0.92 0.09 
Oceanian 77 25.8 12 15.6 31 40.3 34 44.2   
European 178 59.5 22 12.4 76 42.7 80 44.9   
African/Middle Eastern 6 2.0 1 16.7 3 50.0 2 33.3   
Asian 31 10.4 7 22.6 10 32.3 14 45.2   
People of the Americas 4 1.3 0 0.0 2 50.0 2 50.0   
Other 3 1.0 1 33.3 1 33.3 1 33.3   
           
Highest Education Level         0.53 0.12 
High School 11 3.6 2 18.2 3 27.3 6 54.5   
Some University/College 18 6.0 2 11.1 7 38.9 9 50.0   
University/College Degree 59 19.7 10 16.9 18 30.5 31 52.5   
Some Postgraduate 26 8.7 4 15.4 14 53.8 8 30.8   
Postgraduate Deg/Dip 185 61.9 25 13.5 81 43.8 79 42.7   
           
Employment Type         0.67 0.08 
Academic 119 39.8 17 14.3 53 44.5 49 41.2   
Professional 165 55.2 25 15.2 65 39.4 75 45.5   
Trades and Services 13 4.3 1 7.7 5 38.5 7 53.8   
Other 2 0.7 0 0.0 0 0.0 2 100.0   
           
Employment Status         0.16 0.10 
Full-time 252 84.3 34 13.5 110 43.7 108 42.9   
Part-time 27 9.0 6 22.2 5 18.5 16 59.3   
Casual 20 6.7 3 15.0 8 40.0 9 45.0   
ES, effect size using Cramer’s V; IPAQ, International Physical Activity Questionnaire. p values using Pearson Chi-Square. Bold font 
indicates statistical significance (*p<0.05).  Physical activity level was defined using the IPAQ as: low (not meeting physical activity 
guidelines); moderate (meeting physical activity guidelines); or high (exceeding physical activity guidelines). 
 
 
146 
 
dimension (p < 0.01) and physical activity participation (i.e. low, moderate and high; Table 3.3, pg. 
147). Large effect sizes (partial eta squared) for total barrier score and time and motivation barriers, 
a medium effect for internal barriers, and small effect sizes for external and exercise attitudes barriers 
were found (Table 3.3, pg. 147).   
 
Table 3.2: Corporate exercise barriers scale (C-EBS) response rate and response count 
Barrier Dimension Barrier 
Strongly 
Disagree 
% (N) 
Disagree 
Somewhat 
% (N) 
Neutral 
% (N) 
Agree 
Somewhat 
% (N) 
Strongly 
Agree 
% (N) 
Time and Motivation 
Barriers 
My job demands don’t allow 
me to take the time. 
22.1 (68) 10.7 (33) 15.3 (47) 34.2 (105) 17.6 (54) 
 
I don’t have time due to 
family. 
48.5 (149) 10.7 (33) 11.4 (35) 18.2 (56) 11.1 (34) 
 I’m too stressed. 67.8 (208) 9.4 (29) 13.0 (40) 7.2 (22) 2.6 (8) 
 I’m too tired. 43.0 (132) 17.3 (53) 13.7 (42) 19.5 (60) 6.5 (20) 
 
I don’t feel motivated enough 
to work out. 
44.3 (136) 14.3 (44) 15.0 (46) 17.9 (55) 8.5 (26) 
Exercise Attitude 
Barriers 
I don’t like the way exercise 
makes me feel. 
77.9 (239) 8.1 (25) 9.1 (28) 3.6 (11) 1.3 (4) 
 
I don’t want to improve my 
fitness or health. 
87.0 (267) 8.1 (25) 2.9 (9) 1.0 (3) 1.0 (3) 
 
I don’t see the benefits of 
exercise. 
87.6 (269) 6.8 (21) 2.9 (9) 1.0 (3) 1.6 (5) 
Internal Barriers 
I am embarrassed to exercise 
around my co-workers. 
40.4 (124) 13.4 (41) 16.9 (52) 19.9 (61) 9.4 (29) 
 
I am embarrassed to wear 
non-professional clothing. 
64.8 (199) 12.1 (37) 11.1 (34) 10.1 (31) 2.0 (6) 
 
My current health problems 
prevent me from exercising. 
75.9 (233) 7.5 (23) 6.5 (20) 6.8 (21) 3.3 (10) 
 
I am embarrassed for others 
to see my body. 
66.4 (204) 7.5 (23) 11.1 (34) 10.4 (32) 4.6 (14) 
External Barriers 
Traveling prevents me from 
using the sport/fitness 
facilities. 
44.0 (135) 12.7 (39) 14.3 (44) 21.5 (66) 7.5 (23) 
 
The membership costs are too 
high. 
34.2 (105) 11.7 (36) 23.5 (72) 19.9 (61) 10.7 (33) 
 
The facility is not nice 
enough. 
40.4 (124) 10.4 (32) 26.1 (80) 16.0 (49) 7.2 (22) 
Other Barriers 
The hours that the 
sport/fitness facilities are 
open are inconvenient. 
46.6 (143) 13.7 (42) 26.7 (82) 9.4 (29) 3.6 (11) 
 
I don’t know what exercises 
to do. 
57.0 (175) 12.4 (38) 15.0 (46) 13.7 (42) 2.0 (6) 
Corporate exercise barriers scale [226]. 
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Total barrier score 
Total barrier score was higher for employees who reported low (p < 0.001) and moderate (p < 0.001) 
physical activity participation compared to those reporting high participation, and tended to be higher 
(p = 0.08) for those reporting low versus moderate physical activity participation (Table 3.3, pg. 147). 
 
Time and motivation barriers 
Time and motivation barriers were higher for employees who reported low (p < 0.001) and moderate 
(p < 0.001) physical activity participation compared to those reporting high participation. They were 
also higher for those reporting low (p < 0.01) compared to moderate physical activity participation 
(Table 3.3, pg. 147). 
 
Exercise attitude barriers 
Exercise attitude barriers were higher for employees who reported low (p < 0.05) and moderate (p < 
0.05) physical activity participation compared to those reporting high participation, and there were 
no differences between those reporting low and moderate physical activity participation (Table 3.3, 
pg. 147). 
 
Table 3.3: Mean sub-scores and one-way ANOVA for each barrier domain by physical activity participation  
 
Physical Activity Participation Defined by IPAQ 
  
 
Low Moderate High 
ANOVA (p) ES (
2 ) 
Barrier Dimension Mean SD Mean SD Mean SD 
Time and Motivation 10.63 3.90 7.88 4.44 4.62 3.97 <0.001** 0.22 
Exercise Attitudes 1.35 1.77 1.04 2.10 0.51 1.27 <0.01* 0.03 
Internal 4.72 3.50 4.41 4.12 2.35 2.69 <0.001** 0.09 
External 5.00 3.04 4.9 2.85 3.68 2.70 0.001** 0.05 
Total Barrier Score 21.70 8.15 18.24 10.37 11.16 7.85 <0.001** 0.17 
ANOVA, analysis of variance; ES, effect size calculated as eta squared ( 2 ); IPAQ, International Physical Activity Questionnaire; SD, 
standard deviation. Physical activity participation was defined using the IPAQ as: low (not meeting physical activity guidelines); 
moderate (meeting physical activity guidelines); or high (exceeding physical activity guidelines). Bold font indicates statistical 
significance (*p<0.01; *p<0.001). 
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Internal barriers 
Internal barriers were higher for employees who reported low (p < 0.001) and moderate (p < 0.001) 
physical activity participation compared to those reporting high participation, and there were no 
differences between those reporting low and moderate physical activity participation (Table 3.3, pg. 
147). 
 
External barriers 
External barriers were higher for employees who reported low (p < 0.05) and moderate (p < 0.01) 
physical activity participation compared to those reporting high participation, and there were no 
differences between those reporting low and moderate physical activity participation (Table 3.3, pg. 
147). 
 
Preferred modes of exercise and types exercise assistance 
Walking (n = 197), gym (fitness centre; n = 145), swimming (n = 136) and cycling (n = 131) were 
the most preferred types of exercise that employees reported they would like to do if they were to 
take up exercise or exercise more frequently (Figure 3.1, pg. 149). Having a personal trainer (n = 84; 
28% of total sample), exercising in a group (n = 76; 25%) or receiving no form of assistance (n = 73; 
24%) were the most preferred types of exercise assistance (or non-assistance) amongst employees 
(Figure 3.2, pg. 149). Twenty percent, 11% and 11% of the employees that would prefer to exercise 
with a personal trainer, receive no form of exercise assistance, and to exercise in a group setting 
respectively, were not meeting physical activity guidelines [30]. 
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Figure 3.1: Types of exercise university employees reported they would most like to do if they were to exercise 
(or exercise more). 
 
 
Figure 3.2: Types of assistance university employees reported they would prefer to receive if they were to 
exercise (or exercise more). 
 
3.5 Discussion 
This study investigated the physical activity participation, perceived barriers to workplace exercise 
participation and preferred modes of exercise and exercise assistance of employees across an 
Australian university’s national and international campuses. Eighty-six percent of participants 
reported being either moderately or highly active, and thus meeting the minimum recommended 
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levels of physical activity to attain health benefits [32]. Male employees reported achieving higher 
weekly moderate, vigorous and total physical activity-related energy expenditure than females, 
consistent with the sex differences cited in a recent review [227]. However, the effect sizes for these 
differences were small [228], and self-report measures of physical activity participation are prone to 
measurement error [209]. Specifically, adults have been shown to over-report walking, moderate- 
and vigorous-intensity physical activity using the IPAQ [229]. Furthermore, while 86% of 
participants reported meeting physical activity recommendations for the past week (IPAQ), only 65% 
reported maintaining regular physical activity for the previous six months (stage of change 
questionnaire). Nevertheless, the quantity of vigorous-intensity exercise reported by participants in 
this study may be important in providing additional health benefits over and above moderate-intensity 
exercise alone. A recent prospective cohort study followed 204,542 Australian adults aged 45 to 75 
years for a mean 6.5 years and found an inverse dose-response relationship between the proportion 
of vigorous-intensity exercise performed and mortality in physically active adults (9 - 13% risk 
reduction) after adjusting for the total amount of physical activity [60]. This effect was consistent for 
both men and women across age groups, BMI categories, and those with and without existing 
cardiometabolic disease [60].  
 
The university employees in this study reported sitting for a median eight hours per week day. A 
recent population-based study with a mean follow-up period of 2.8 years for 222,497 Australian 
adults aged 45 years or older reported an all-cause mortality hazard ratio of 1.02 (95% CI: 0.95–1.09), 
1.15 (95% CI: 1.06–1.25), and 1.40 (95% CI: 1.27–1.55) for four to less than eight, eight to less than 
eleven, and eleven or more hours per day of sitting respectively, compared with less than four hours 
per day after adjusting for physical activity and other confounders [219]. Furthermore, a recent meta-
analysis using dose-response modelling estimated the risk of all-cause mortality for sitting 10 hours 
per day to be 34% and 52% higher than sitting for one hour per day with and without adjusting for 
physical activity respectively [218]. Thus, participants in the current study were at an increased risk 
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of cardiometabolic disease [217] and all-cause mortality [219] based on their reported daily sitting 
time, despite reporting to achieve the minimum recommended volume of physical activity for health 
benefits. 
 
Lower weekly physical activity participation was associated with higher perceived barriers to 
exercise. Of the four barrier dimensions, a lack of time and motivation had the largest effect size with 
over half of all participants somewhat or strongly agreeing that their job demands do not allow them 
to take the time to use the onsite fitness centre. Furthermore, almost one-third of participants cited 
not having time to exercise due to family, and a quarter cited not feeling motivated enough or feeling 
too tired to exercise. Despite the substantial proportion of respondents indicating a lack of time and 
motivation as barriers to exercise, up to 85% reported meeting physical activity guidelines for the 
past week. Either participants overcame these barriers (e.g. exercised outside of working hours or 
exercised with family), inflated their actual physical activity participation, or were a highly exercise 
literate group who distinguished and reported physical activity participation as separate from 
moderate-vigorous exercise participation. Based on previous literature it is likely that respondents to 
the survey were more active individuals [230]. However, they may not have actually been completing 
as much physical activity as they indicated, as inflation of physical activity has previously been shown 
to occur using the IPAQ [229]. Similar to the barriers reported in this study, other studies involving 
university employees have found time constraints and work schedule conflicts to be commonly 
reported barriers to the use of onsite fitness facilities [134, 136] or participation in workplace health 
promotion programs [135, 137]. To address the significant time constraints due to work and family 
reported by employees, universities should consider offering more flexible onsite fitness centre 
opening hours and a greater number of group exercise classes [134]. Financial incentives may also 
motivate employees to increase exercise session attendance in the short-term (<six months), however 
only by approximately 12% [231]. 
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A US study involving 88 corporate employees that also used the C-EBS found that internal barriers 
(e.g., I am embarrassed to exercise around my co-workers) but not external barriers (e.g., membership 
costs are too high) were related to the frequency of onsite fitness centre visits [226]. However, 
external barriers and not internal barriers were related to exercise session duration, with participants 
who perceived the facility to be inadequate (i.e. not nice enough), exercising approximately 15 fewer 
minutes per session than those who did not report this barrier [226]. Internal and external barriers 
were higher in employees reporting low or moderate (versus high) physical activity participation in 
the Chapter 3 study. However, effect sizes were medium and small [228] respectively and therefore 
these barriers were not as strong as a lack of time and motivation. Approximately one-third of 
participants agreed or strongly agreed that they are embarrassed to exercise around co-workers, that 
fitness centre membership costs are too high, or that travelling prevents them from exercising. Similar 
to the finding that internal barriers were negatively associated with physical activity participation, 
feeling self-conscious about exercising and perceiving weight and health problems as preventing 
exercise engagement have previously been reported in US [232] and Australian [233] blue and white 
collar workplace populations. These barriers were also reported by US university employees who 
were not using onsite fitness facilities, as opposed to their colleagues who cited convenience, low 
cost and social support as reasons for their use of the onsite fitness centre [134]. Workplace programs 
that help to overcome internal and external exercise barriers may increase employee physical activity 
participation. For example, reduced employee membership costs, the option of private exercise 
training sessions with an instructor, and individually-tailored exercise programming that takes into 
account personal goals and current health and fitness status may encourage onsite employee exercise 
participation and adherence [134], and therefore warrants investigation. 
 
Attitudes towards exercise had minimal effect on physical activity participation with fewer than five 
percent not liking how exercise made them feel, two percent not wanting to improve their health or 
fitness and fewer than three percent not understanding the benefits associated with exercise. These 
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findings are similar to previous research investigating personal, social, and environmental factors 
associated with physical activity in adults which did not find any evidence that attitudes towards 
exercise were related to physical activity participation [129], nor were attitudes a correlate or 
determinant of adults’ physical activity [227]. Exercise attitudes were also not related to membership, 
frequency or duration of visits to an onsite fitness centre amongst US corporate employees [226]. 
Therefore, workplaces should focus on addressing time, motivation, internal and external barriers in 
the design of future onsite exercise programs. 
 
Apart from swimming, each of the most frequently preferred types of exercise (walking, gym (fitness 
centre), swimming and cycling) can be performed using onsite facilities at each campus involved in 
this study. Furthermore, swimming pools are located within short walking distances of the Melbourne 
City and Vietnam campuses, and within three kilometres of the Melbourne Bundoora campus. 
Therefore, opportunities exist within and close to each university campus for employees to access the 
most preferred types of exercise. Similar to a previous survey involving Australian adults [131], 
having a personal trainer (particularly for the less-active employees), exercising in a group, and 
receiving no form of assistance were clearly the three most preferred types of exercise assistance (or 
non-assistance). Offering exercise supervision and instruction in the workplace may help to improve 
employee exercise motivation [134], increase CRF [192], increase muscular strength and endurance 
[172], and improve body composition [204], and should be considered in the design of future 
workplace exercise interventions. 
 
A limitation of this study was the low response rate (≈ 4.0%). Although the study was advertised in 
staff newsletters in both Australia and Vietnam and on the institution’s website, it was not emailed 
directly to staff as per university policy. However, the number of participants (n = 299) was 
comparable to another recent university survey study (n = 308; response rate 8.5%) [135], and a 
strength of this study was that multiple campuses were included allowing comparisons to be made 
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between different locations nationally and internationally. The survey population reported higher 
physical activity participation than the average population [6], possibly due to i) selection bias [230], 
as employees who were already physically active or had more positive attitudes towards exercise 
could have been more likely to respond to the survey; ii) over-reporting of physical activity [229]; or 
iii) being a more physically active population. Therefore, it is acknowledged that the sample may not 
accurately represent the university workplace population as a whole, and it is probable based on 
previous research that the average physical activity participation of university employees is lower 
than that reported in this chapter. 
 
3.6 Conclusions 
Workplace exercise programs should address the unique time and motivation, internal and external 
barriers to exercise participation reported by employees, as each of these barrier dimensions were 
negatively associated with level of physical activity participation in this study. The preferred exercise 
modes and types of assistance should also be considered in the design of workplace exercise programs 
aiming to increase employee physical activity participation, improve health and fitness outcomes, and 
reduce chronic disease risk. Despite the relatively high exercise participation reported in this study, 
providing individually-tailored exercise prescription and programming may help to address the 
unique barriers and facilitators to onsite exercise participation reported by employees not meeting 
physical activity recommendations (e.g. individualised gym and cycling programmes with personal 
supervision) and lead to greater exercise participation and health benefits of university employees.  
 
This study found that 65% of university employees had reportedly maintained regular physical 
activity participation over the previous six months, and employees failing to meet physical activity 
guidelines perceived greater barriers to exercise, specifically, a lack of time and motivation. Other 
data indicate that convenience, low cost and social support are the main reasons that university 
employees regularly make use of onsite fitness facilities. Walking, gym and cycling were three of the 
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top four preferred modes of exercise cited by participants in this study, while receiving personal 
supervision and instruction was the most preferred mode of exercise delivery if participants were to 
commence (or increase) exercise. These findings were used to inform the design of the workplace 
exercise interventions presented in Chapters four and six of this thesis. Specifically, two RCT’s were 
used to investigate the effectiveness of onsite workplace exercise interventions to improve the health 
and health-related physical fitness of university employees. These interventions utilised the most 
preferred type of exercise supervision and modes of exercise and that were identified in this chapter.   
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Chapter 4 
Direct and indirect exercise supervision in the 
workplace achieves similar improvements to 
health-related physical fitness: an 8-week 
randomised controlled trial. 
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4 Direct and indirect exercise supervision in the workplace achieves similar improvements 
to health-related physical fitness: an 8-week randomised controlled trial. 
 
4.1 Preface 
Exercise has been established as an effective intervention to reduce cardiometabolic disease risk. 
However, large portions of the community fail to participate in sufficient exercise to achieve these 
health benefits. Personal supervision and instruction was identified as a facilitator to workplace 
exercise participation (Chapter 3, pg. 124), however it is unknown whether this type of supervision 
achieves greater participation and health and fitness benefits than indirect (standard) supervision in a 
workplace setting. This chapter investigates the effectiveness of direct and indirect exercise 
supervision to increase CRF, muscular strength and physical activity participation in a university 
employee cohort.  
 
4.2 Introduction 
Physical inactivity [214, 234] and low cardiorespiratory fitness (CRF) [64, 65] are significant 
cardiovascular, metabolic and mortality risk factors, with evidence that CRF has a greater effect on 
cardiovascular risk reduction than physical activity per se [61, 235]. Independent of traditional 
cardiovascular risk factors such as age, smoking, family history of premature coronary heart disease, 
diabetes, hyperlipidaemia and hypertension, people with low CRF have a 2- to 3-fold increase in 
mortality risk [65, 236, 237]. Increased mortality risk is additionally associated with low muscular 
strength [5], which is a greater predictor of mortality than muscle mass [72]. Despite these well-
recognised risks and the widely documented physical and psychological benefits associated with an 
active lifestyle [33], up to 50% of adults fail to meet advocated aerobic physical activity targets [6]. 
Furthermore, even fewer adults meet the recommendations for muscle-strengthening activity [7]. 
Given the large health costs for managing the increasing burden of chronic diseases associated with 
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physical inactivity [234], strategies are needed to increase exercise participation and improve known 
modifiable risk factors including CRF and muscular strength. 
 
Given that two thirds of adults in developed countries have ongoing employment [8], the WHO has 
identified the workplace as a key setting for exercise promotion. In addition to providing access to 
large numbers of employees, onsite workplace exercise programs have the potential to overcome 
commonly reported participation barriers such as a lack of access to facilities and lack of time [129]. 
Universities may be advantageous workplace settings in which to engage exercise participation as 
these institutions often possess the infrastructure, resources and expertise required to deliver and 
monitor appropriate health-promotion programs [17]. Increases in university employee physical 
activity participation and reductions in cardiometabolic disease risk factors have been observed 
following onsite exercise interventions [164-166, 192]. However, health-related physical fitness 
outcomes from workplace health promotion programs are reportedly only small to moderate sized 
improvements [13, 16, 17]. 
 
For the myriad of benefits from exercise to be maintained, regular participation must be sustained 
[32, 33]. However, attrition is often a limiting factor to the effectiveness of workplace exercise 
programs [13]. Studies involving clinical populations have reported reduced attrition and greater 
health and fitness improvements for supervised compared to unsupervised exercise [14, 15, 27, 29], 
possibly by increasing participant motivation [14] and exercise adherence [15]. In contrast, exercise 
studies involving office workers with neck and shoulder pain and overweight-obese individuals from 
the community did not find any greater improvements to musculoskeletal [172] or metabolic [171] 
outcomes respectively, for supervised compared to minimally or unsupervised exercise. Therefore, 
the effectiveness of direct exercise supervision to improve cardiometabolic risk factors in apparently 
healthy populations over and above indirect (standard) exercise supervision remains unknown. 
Furthermore, direct exercise supervision is expensive and not always possible in the workplace. 
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Hence, it is pertinent to establish the effectiveness of providing direct (1:1) exercise supervision as a 
chronic disease prevention strategy as opposed to indirect exercise supervision (where a number of 
people are supervised simultaneously for safety, as occurs in a standard gym environment) in relation 
to changes to the modifiable risk factors; CRF and muscular strength.  
 
The purpose of this study was to investigate the effects of direct (1:1) and indirect (standard gym 
care) exercise supervision on attendance and health-related physical fitness after eight weeks in 
university employees. It was hypothesised that directly supervised participants would exercise more 
frequently and achieve greater increases to CRF and muscular strength than indirectly supervised 
participants. 
 
4.3 Methods 
4.3.1 Study population and design 
This 8-week parallel group, randomised controlled trial was conducted from April to December 2013 
in accordance with the CONSORT statement [238]. Recruitment took place by advertisement on the 
university research webpage, and flyers placed throughout campus buildings and in employee 
mailboxes. Interested employees provided written informed consent to participate in the study 
(Appendix D: PICF, pg. 256), which was approved by the RMIT university Human Research Ethics 
Committee (project number 04/13; Appendix C, pg. 252) and registered with the Australian New 
Zealand Clinical Trials Registry (ACTRN12613000453785). Computer-generated concealed 
randomisation (http://www.randomization.com)  stratified by sex was used to allocate 50 university 
employees from a single Australian university campus to either directly supervised (SUP) or 
indirectly supervised (IND) exercise in a 1:1 ratio following baseline testing. Randomisation was 
implemented using individual opaque envelopes by a person independent of the investigators. 
Individuals aged 18 - 65 years, currently employed by the university and free from any condition for 
which exercise is contraindicated [36] were eligible for participation. Assessors conducting outcome 
testing after the intervention were not blinded to participant grouping. All participants were asked to 
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maintain their usual dietary intake and to avoid strenuous exercise for the 48 hours prior to each 
testing session. Primary outcomes were CRF and muscular strength. Secondary outcomes were body 
mass, waist circumference, blood glucose, high-sensitive C-reactive protein, and lipid profile. 
 
4.3.2 Exercise capacity 
Cardiorespiratory fitness was assessed using a multi-stage protocol [36] on a cycle ergometer 
(Monark 828E, Sweden). Following a 3-minute warm-up/familiarisation [work-rate (watts):body 
mass (kg) ratio = 0.5:1], each subsequent 3-minute stage increased by 25 watts (W) until the 
participant reached 85% of their predicted HR max). Oxygen consumption (V̇O2; ml·kg·min-1) was 
estimated with a validated equation at each stage and extrapolated to HR max for the prediction of 
V̇O2 max [36]. 
 
Maximal knee flexion and extension strength were assessed by isokinetic dynamometry (Biodex 
Medical Systems, USA) using a standardised setup [239]. Following five submaximal warm-
up/familiarisation repetitions and two minutes of passive rest, five maximal concentric knee flexion 
and extension repetitions at 60° per second were performed, with verbal encouragement provided by 
the assessor. Upper body strength (isometric grip strength of the dominant hand) was assessed using 
a digital hand-held dynamometer (Jamar Plus, Patterson Medical, Bolingbrook, IL) with the elbow at 
90 degrees flexion and the maximum of three trials recorded [240]. 
 
4.3.3 Exercise supervision 
Direct individual (1:1) supervision for every exercise session was given to those allocated to SUP 
ensuring the program was completed in its entirety and at the prescribed intensity, including technique 
feedback and verbal encouragement using phrases such as “keep going” and “two more lifts”. Those 
allocated to the standard care indirect (IND) supervision group received supervision by gymnasium 
floor staff (average staff:participant ratio = 1:8) for safety, with assistance provided only if requested 
or required as is typical in a standard gym setting. The exercise programs were prescribed and 
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implemented by the same accredited exercise physiologist who guided all participants through their 
individual program at the beginning of the intervention, and at the beginning of week five when new 
exercises targeting the same muscle groups were introduced. Trained undergraduate exercise science 
students assisted with the day-to-day delivery of the programs under the guidance of an accredited 
exercise physiologist (i.e. the students provided exercise supervision for the SUP and IND groups). 
Participants were not provided with any advice to change dietary patterns during the study. 
 
4.3.4 Exercise intervention 
Each participant was prescribed an 8-week individually-tailored moderate- to vigorous-intensity 
progressive aerobic and resistance exercise program at an onsite gymnasium, based on American 
College of Sports Medicine (ACSM) guidelines [36]. Twenty to thirty minutes of aerobic exercise 
(stationary cycling, outdoor walking and jogging) was prescribed at 64-74% of HR max for the initial 
four weeks and progressed to 74-91% HR max. Three sets of eight to twelve repetitions of a 
combination of six multi- and single-joint resistance exercises (which did not include knee 
flexion/extension as used in testing) for the development of upper- and lower-body muscular strength 
were also prescribed with a between-set rest period of 30-120 seconds. Resistance load was adjusted 
to maintain an intensity of 15-18 on the 6-20 Borg RPE scale [241], with RPE recorded immediately 
after the third set of each exercise. All programs were structured equally with each session 
commencing with 10-15 minutes of stationary cycling followed by six gym-based resistance 
exercises, concluding with 10-15 minutes of outdoor walking and jogging. Exercise intensity and 
complexity was individually-tailored for each participant. 
 
4.3.5 Attendance and training volume 
Participants were required to complete a minimum of one and a maximum of five onsite exercise 
sessions per week during gymnasium opening times (0730 to 0930; 1130 to 1400; and 1600 to 1830; 
Monday to Friday). Session duration, mode, intensity (cycling watts, walking and jogging speed) and 
RPE were recorded for aerobic exercises and for any activities performed outside of the study. Sets, 
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repetitions, weight and RPE were recorded for resistance exercises. Aerobic training volume and 
activities performed outside of the study were calculated as MET·minutes of energy expenditure 
using the compendium of physical activities [242]. Resistance training volume (kg) was calculated 
using the equation: sets × repetitions × mass lifted (kg) [243]. 
 
4.3.6 Blood analyses 
Following a 12-hour overnight fast, 8 ml of blood was drawn from an antecubital vein into an SST 
Vacutainer and allowed to clot at room temperature prior to centrifugation [240]. Serum was stored 
at –80°C for batch analysis after the study. Serum was analysed for each of total cholesterol (TC), 
high-density lipoprotein cholesterol (HDL-C), triglycerides (TG), glucose and high-sensitive C-
reactive protein (CRP) using Roche Cobas c701 and c502 instruments, with laboratory reported 
coefficients of variance (CV) of 1.1%, 1.6%, 1.9%, 1.3% and 2.9% respectively. Low-density 
lipoprotein cholesterol (LDL-C) was calculated using the Friedewald equation [244]. 
 
4.3.7 Statistical analysis 
All data were analysed using the Statistical Package for Social Sciences (SPSS for Windows, vers. 
24.0, SPSS Inc., Chicago, IL, USA). Data were inspected visually and statistically (Kolmogorov-
Smirnov statistic) for normality prior to analysis, and are presented as mean ± SD. Non-normally 
distributed data were logarithmically transformed for normality prior to parametric analyses. 
Independent t-tests (two-tailed) compared overall attendance and training volume completed over the 
8-week intervention, with repeated measures ANOVA used to investigate attendance throughout the 
intervention period.  
 
To assess the effect of the intervention on exercise capacity (primary outcome) and anthropometric 
and metabolic outcomes (secondary), two-way (supervision × time) ANOVA were conducted using 
an intention-to-treat method whereby missing values were substituted with the last known 
observation. Findings from per-protocol analyses excluding the four withdrawals (SUP n = 3, IND n 
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= 1) were not different to intention-to-treat analyses, therefore only intention-to-treat analyses are 
presented. Effect sizes (ES) are reported as partial eta squared for primary and secondary outcomes 
(90% confidence intervals are used because partial eta squared values cannot be negative) [245] for 
time effects only, as no significant group or interaction effects were found.  
 
An alpha level of 0.05 was set as significant for all statistical testing. Post-hoc power calculations for 
change to CRF between groups indicated an effect size of 0.53 with 99% power from our sample of 
50 participants. This effect size was double that of the a-priori sample size calculation using previous 
literature [171] and therefore recruitment was not continued after the summer break. 
 
4.4 Results 
Participant flow is presented in Figure 4.1 (pg. 164). Participants (n = 34 female, 16 male) in SUP 
and IND exercise groups were aged 42.2 ± 10.4 years and 42.8 ± 11.9 years; with BMI of 26.3 ± 4.0 
kg·m-2 and 25.2 ± 4.0 kg·m-2 respectively. Nineteen participants completed at least one exercise 
session every week in accordance with the prescribed minimum (SUP = 10; IND = 9). Mean total 
attendance throughout the intervention was 13.0 ± 8.7 sessions and 12.8 ± 7.1 sessions for SUP and 
IND groups respectively (equating to an average of 1.6 sessions per week for both groups), with no 
between-group differences (p = 0.94). As there were no group or interaction effects for attendance, 
data were pooled (i.e. SUP and IND groups combined) and are presented in Figure 4.2A (pg. 165). A 
negative trend in weekly exercise session attendance throughout the intervention was observed (p < 
0.001; Figure 4.2A, pg. 165). Attendance decreased by a mean 0.06 sessions per week per participant, 
or 0.5 sessions from week one to week eight. Summed training attendance were compared between 
weeks one and two (4.0 ± 2.3 sessions for SUP; 3.7 ± 1.8 sessions for IND) and weeks seven and 
eight (2.4 ± 2.5 sessions for SUP; 2.8 ± 2.3 sessions for IND) with a significant time effect (p < 0.001) 
confirmed, with non-significant interaction and group effects (Figure 4.2B, pg. 165). 
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Figure 4.1: Flow of participants through the 8-week university workplace exercise intervention in accordance 
with the CONSORT statement [238]. 
 
Cardiorespiratory fitness, absolute isometric grip strength, and both absolute and relative isokinetic 
knee flexion and extension strength significantly increased over the 8-week intervention (p < 0.01) 
with no between-group differences (Table 4.1, pg. 166). Aerobic training volume (Mean ± SD; SUP 
= 1,610 ± 1,268; IND = 1,487 ± 1,219 MET·minutes per week; p = 0.73), resistance training volume 
(Mean ± SD; SUP = 35,858 ± 27,999 kg; IND = 34,659 ± 26,189 kg; p = 0.88) and other physical 
activities (Mean ± SD; SUP = 3,002 ± 3,712; IND = 2,786 ± 7,169 MET·minutes per week; p = 0.90) 
completed during the intervention period were not different between supervision groups. The exercise 
intervention reduced waist circumference (p < 0.001) with no between-group differences, but did not 
change body mass or any blood parameter. 
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Figure 4.2: Workplace exercise session attendance.  
(A) week by week over 8 weeks (pooled data), with a significant negative trend (p < 0.001); and (B) 
weeks 1 and 2 (combined) and weeks 7 and 8 (combined), with a significant time effect (p < 0.001). 
IND, indirectly supervised exercise group; SUP, directly supervised exercise group. Data are 
presented as mean values (95% confidence intervals). 
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Table 4.1: Fitness, anthropometric and metabolic outcomes pre and post 8-week workplace exercise intervention for university employees during. 
 SUP (n = 25)  IND (n = 25)  
Effects 
(group) 
 
Effects  
(time) 
 
Effects  
(group x time) 
 Pre Post Δ  Pre Post Δ  p  p ES (90% CI)  p 
Fitness (primary) Outcomes               
Predicted V̇O2 max (ml·kg·min-1) 24.1 ± 3.7 25.7 ± 4.4 1.6 ± 2.0  23.0 ± 5.1 25.2 ± 5.4 2.2 ± 2.6  0.53  <0.001** 0.41 (0.23-0.54)  0.32 
log Absolute isometric grip strength 
(kg) 
3.5 ± 0.4 3.6 ± 0.3 0.1 ± 0.1  3.5 ± 0.3 3.6 ± 0.3 0.1 ± 0.1  0.83  <0.001** 0.28 (0.11-0.43)  0.99 
log Absolute isokinetic knee 
extension strength at 60 deg·sec-1 
(Nm) 
4.9 ± 0.3 5.0 ± 0.3 0.0 ± 0.1  4.9 ± 0.4 4.9 ± 0.3 0.1 ± 0.1  0.70  <0.01* 0.16 (0.03-0.31)  0.51 
Relative isokinetic knee extension 
strength at 60 deg·sec-1 (Nm·kg %-1) 
193.8 ± 49.9 200.6 ± 46.5 6.8 ± 13.8  195.7 ± 55.2 203.6 ± 48.1 7.9 ± 18.3  0.86  <0.01* 0.18 (0.04-0.33)  0.81 
log Absolute isokinetic knee flexion 
strength at 60 deg·sec-1 (Nm) 
4.2 ± 0.3 4.3 ± 0.3 0.1 ± 0.1  4.2 ± 0.4 4.3 ± 0.3 0.1 ± 0.1  0.90  <0.001** 0.29 (0.12-0.44)  0.57 
Relative isokinetic knee flexion 
strength at 60 deg·sec-1 (Nm·kg %-1) 
98.0 ± 24.9 105.3 ± 29.4 7.3 ± 14.0  101.3 ± 30.2 108.9 ± 31.4 7.6 ± 10.6  0.67  <0.001** 0.27 (0.11-0.42)  0.94 
               
Anthropometric and Blood 
(Secondary) Outcomes 
              
WC (cm) 86.5 ± 13.5 84.4 ± 12.9 -2.0 ± 2.9  83.1 ± 11.8 81.2 ± 11.2 -1.9 ± 2.6  0.35  <0.001** 0.35 (0.18-0.49)  0.86 
Body mass (kg) 74.6 ± 14.6 74.5 ± 14.5 -0.1 ± 1.9  71.2 ± 13.2 71.6 ± 13.0 0.4 ± 1.3  0.42  0.60 0.01 (0.00-0.08)  0.27 
log High-sensitive CRP (mg·L-1) 0.6 ± 1.0 0.4 ± 1.1 -0.2 ± 0.5  0.1 ± 0.8 0.1 ± 0.9 0.0 ± 0.6  0.11  0.25 0.03 (0.00-0.14)  0.08 
log Glucose (mmol·L-1) 1.6 ± 0.1 1.6 ± 0.1 0.0 ± 0.1  1.6 ± 0.1 1.6 ± 0.1 0.00 ± 0.1  0.42  0.36 0.02 (0.00-0.12)  0.25 
Total cholesterol (mmol·L-1) 5.2 ± 0.8 5.1 ± 0.9 -0.1 ± 0.1  5.0 ± 1.0 5.1 ± 1.0 0.1 ± 0.1  0.75  0.98 0.00 (0.00-0.00)  0.38 
log Triglycerides (mmol·L-1) 0.1 ± 0.5 0.2 ± 0.5 0.1 ± 0.2  0.2 ± 0.3 0.1 ± 0.3 -0.1 ± 0.2  0.91  0.99 0.00 (0.00-0.00)  0.17 
LDL cholesterol (mmol·L-1) 3.0 ± 0.9 2.9 ± 0.9 -0.1 ± 0.0  3.0 ± 0.9 3.1 ± 0.8 0.1 ± 0.1  0.97  0.87 0.00 (0.00-0.02)  0.34 
HDL cholesterol (mmol·L-1) 1.54 ± 0.45 1.54 ± 0.41 -0.01 ± 0.04  1.41 ± 0.52 1.49 ± 0.48 0.07 ± 0.04  0.50  0.28 0.02 (0.00-0.13)  0.20 
Δ, change; CI, confidence intervals; CRP, C-reactive protein; deg·sec-1, degrees per second; ES, effect size (partial eta squared); HDL, high-density lipoprotein; IND, indirectly supervised exercise 
group; LDL, low-density lipoprotein; (ml·kg·min-1), millilitres of oxygen consumed per kg body mass per minute; (Nm), Newton-meters of torque; (Nm/kg %), Newton-meters of torque as a percentage 
of body mass; SUP, directly supervised exercise group; WC, waist circumference. Analysis based on intention to treat; n = 25 for SUP group, n = 25 for IND group. Data are presented as mean values ± 
SD. p values using between-within analysis of variance. Bold font indicates statistical significance (*p<0.01; **p<0.001). Predicted V̇O2 max measured using submaximal cycle test. Isokinetic knee 
strength measured using Biodex. Grip strength measured using handheld dynamometer. Blood analysed at an off-site testing laboratory (Melbourne Pathology).
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4.5 Discussion 
Participants receiving direct (1:1) exercise supervision did not complete exercise more frequently or 
in greater volumes than those receiving standard (IND) supervision over the 8-week intervention. 
This likely explains the similar CRF and muscle strength improvements in both supervision groups. 
Both types of exercise supervision provided to participants positively affected CRF, muscle strength 
and central body fat. 
 
The improvements to health-related physical fitness during this exercise intervention support 
previous research reporting eight to 12-week exercise interventions in blue- and white-collar 
workplaces that provided indirect exercise supervision [179, 187, 201]. Low CRF has been identified 
as an important independent cardiovascular and all-cause mortality risk factor in both men and 
women, with even small increases to CRF being associated with reduced mortality [37, 246]. 
Fourteen participants in the current study improved CRF by 3.5 ml·kg·min-1 (1 MET) or more, a 
magnitude shown to lower all-cause mortality risk by 8 to 14% [37]. These participants attended 2.0 
± 0.8 (mean ± SD) exercise sessions per week, providing guidance for future interventions of the 
minimum frequency required for completing the prescribed exercise to achieve the greatest 
improvements to CRF in the short-term (eight weeks). Muscular strength is also a key predictor of 
morbidity and mortality and participants in both SUP and IND groups significantly improved upper 
and lower body strength. Similarly, results from randomised controlled trials have been reported 
identifying significant strength improvements in university [187], pharmaceutical [181] and high-
tech company [182] employees following workplace exercise interventions eight to twelve weeks in 
duration. 
 
The findings of the current study (Chapter 4) suggest that direct exercise supervision may not confer 
any additional attendance, training volume, or health-related physical fitness improvements over and 
above indirect exercise supervision in a healthy university workplace population undertaking an 8-
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week intervention. However, it is possible that any additional benefits that may be achieved by 
providing direct exercise supervision will only become apparent after an extended period of time.  
Previous exercise interventions involving obese [15] and chronic obstructive pulmonary disease 
patients [247] have demonstrated greater exercise adherence [15], health [15] and physical capacity 
improvements [247] after four to six months when exercise is directly supervised. However, 
musculoskeletal pain was reduced in office workers after a 20-week resistance training program [172] 
and cardiometabolic risk was reduced in overweight and obese adults from the community after a 6-
month combined aerobic and resistance training program [171], irrespective of the extent of exercise 
supervision provided. A limiting factor to the effectiveness of many previous workplace exercise 
interventions is poor retention, particularly over extended durations [21, 105, 108, 202]. Participant 
retention was similar between exercise supervision groups in the current study, however whether 
greater retention or exercise training volume is achieved by providing direct supervision for a longer 
period of time (e.g. four to six months) is unknown. Given the likely varying cost of delivering the 
different types of supervision, an understanding of the long-term costs and benefits associated with 
implementing workplace exercise programs with high retention and adequate training volume is 
warranted.  
 
4.6 Conclusions 
Providing a suitable exercise facility with appropriate exercise prescription at a university workplace 
is sufficient to improve CRF and muscular strength, important cardiometabolic and mortality risk 
factors. In an 8-week intervention, providing direct (1:1) exercise supervision in addition to an 
exercise facility does not increase attendance or exercise training volume more than indirect (standard 
care) exercise supervision. Whether this would remain in longer interventions known to have issues 
with retention is unknown. The challenge now is to better understand how to ensure employees 
regularly complete a minimum of two exercise sessions per week to achieve and maintain a clinically 
meaningful improvement to CRF and reduction in all-cause mortality risk.  
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5 A 15-month follow-up to an 8-week randomised controlled trial of different types of 
exercise supervision in the workplace 
 
5.1 Preface 
Similar attendance, training volume and fitness benefits were observed between directly and 
indirectly supervised participants who completed an 8-week onsite workplace exercise intervention 
(Chapter 4). Despite exercise behaviour being able to be modified in the short-term, this rarely leads 
to long-term adherence [34]. To fully establish the effect of an 8-week exercise intervention 
completed at the workplace, a longer term follow-up was required. This study investigates whether 
changes to physical activity 15 months following an 8-week exercise intervention were any different 
in those that received direct (1:1) compared to indirect (standard gym) exercise supervision over the 
course of the intervention. 
 
5.2 Introduction 
Almost 50% of adults living in high-income countries (i.e. gross national income per capita of 
$12,476 (international dollars) or more in 2015) [6] do not meet public recommendations for healthy 
adults to achieve 150-300 minutes of moderate-intensity or 75-150 minutes of vigorous-intensity 
physical activity each week, or an equivalent combination of both [30, 36]. The workplace is 
recognised by both the Australian Government [9] and the World Health Organisation [173] as a 
setting in which to conduct exercise programs to assist adults to attain physical activity targets and 
the associated health benefits of regular exercise. As well as setting an example of evidence-based 
best practice for communities to follow, universities typically employ a larger number of people than 
many other organisations and are often equipped with the required facilities and staff to successfully 
facilitate exercise interventions [17]. Furthermore, university employee physical inactivity rates are 
as high as those of the general population. A recent study involving 308 US university employees 
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found that almost half were not meeting physical activity guidelines and were therefore at an 
increased risk of developing chronic disease due to insufficient physical activity [135].  
 
Similar to the findings discussed in Chapter 4, previous onsite exercise interventions have shown 
increases to university employee physical activity participation and subsequent reductions in CVD 
risk factors [164-166, 192]. Importantly however, exercise behaviour must be sustained in order for 
health benefits to be sustained over the long-term [32, 33]. Due to a lack of follow-up data, the ability 
of university and other workplace exercise interventions to influence long-term employee physical 
activity participation are currently unknown. While supervised exercise has been shown to favourably 
reduce attrition and lead to greater improvements in health and fitness outcomes in comparison to 
unsupervised exercise in people with obesity, intermittent claudication and prostate cancer during an 
intervention period [14, 15, 27], the long-term effects of different types of supervision on physical 
activity participation have not been investigated. It is currently unknown whether the type of exercise 
supervision received during an onsite workplace exercise intervention affects long-term physical 
activity participation. Although similar fitness benefits were observed between directly and indirectly 
supervised exercise groups over the 8-week intervention presented in Chapter 4 of this thesis, it is 
unknown whether either type of supervision had an ongoing effect on employee physical activity 
participation and thus the maintenance of fitness improvements achieved during the intervention 
period. 
 
Studies included in a review [248] of physical activity and dietary behaviour change interventions in 
adults did not often report follow-up data (35% of studies) although when follow-up was conducted, 
maintenance of physical activity participation change was often achieved (75% of studies). Only one 
workplace exercise study was included in the review, which found a significant increase in self-
reported physical activity participation for a group who received four months of tailored diet and 
physical activity advice via email compared to a no-intervention control group, and these differences 
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were maintained four months after the intervention was completed [249]. However, structured 
exercise was not offered in the study and physiological outcomes were not assessed [249]. 
 
The purpose of this study was to investigate any differences in the long-term physical activity 
participation between adult employees who had previously participated in an 8-week randomised 
workplace exercise program in which they received either direct (intervention) or indirect (control) 
exercise supervision. It was hypothesised that participants would increase their moderate-vigorous 
physical activity participation over the 8-week intervention and that these increases would be 
maintained above baseline physical activity levels at 15-month follow-up, with no differences 
between directly and indirectly supervised groups given the equivalent attendance and increases to 
fitness over the intervention. This information will assist in the development and design of future 
workplace programs and interventions aiming to sustain employee physical activity participation after 
the delivery of a structured exercise program. 
 
5.3 Methods 
5.3.1 Study population and design 
Fifteen months after completing the onsite 8-week exercise intervention described in Chapter 4, the 
46 university staff who completed the intervention were invited to complete an online questionnaire 
(Qualtrics Development Company, vers. 0206475, Provo, UT, USA; (Appendix G, pg. 281)) via an 
email link (Appendix D: PICF, pg. 256). One automatic follow-up invite was sent two weeks later if 
the participant had not accessed the questionnaire. The study was approved by the RMIT university 
Human Research Ethics Committee (project number 04/13; Appendix C, pg. 252) and participants 
provided informed consent prior to participation. 
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5.3.2 Prior exercise intervention 
The exercise intervention has been described in detail in Chapter 4. Briefly, 46 university employees 
completed an 8-week moderate- to vigorous-intensity aerobic and resistance workplace exercise 
intervention with either direct (n = 22) or indirect (n = 24) supervision. Participants were encouraged 
to perform a minimum of one and up to five exercise sessions per week, and they could undertake 
any regular additional physical activity outside of the prescribed sessions. Direct individual (1:1) 
supervision for every exercise session was given to those allocated to direct supervision (SUP). 
Participants allocated to the indirectly supervised (IND) group were monitored by gymnasium floor 
staff for safety, with assistance provided only if requested or required for safety, as is typical in a 
standard gym setting. The intervention was progressive and each session included 20-30 minutes of 
aerobic exercise at 64-91% HR max [36], and six resistance exercises targeting major muscle groups 
(three sets of eight to twelve repetitions) performed at an intensity of 15-18 on the 6-20 RPE scale.  
 
5.3.3 Questionnaire 
The short-form International Physical Activity Questionnaire (IPAQ) [224] is valid and reliable [225] 
and was used to assess physical activity participation at baseline, after the 8-week intervention and at 
15-month follow-up. The frequency and duration of activity performed in each of the categories 
(walking, moderate- and vigorous-intensity) were used to calculate weekly MET·minutes of energy 
expenditure. IPAQ data were also used to classify participants into low (do not meet the criteria for 
having a moderate or high physical activity participation); moderate (meet one of the following 
criteria: ≥ 3 days of vigorous-intensity activity of at least 20 minutes per day; ≥ 5 days of moderate-
intensity activity and/or walking of at least 30 minutes per day; or ≥ 5 days of any combination of 
walking, moderate- or vigorous-intensity activity achieving a total physical activity-related energy 
expenditure of ≥ 600 MET∙minutes per week); or high (≥ 3 days of vigorous-intensity activity 
achieving a total physical activity-related energy expenditure of ≥ 1500 MET∙minutes per week; 
seven days of any combination of walking, moderate- or vigorous-intensity activity achieving a total 
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physical activity-related energy expenditure of ≥ 3000 MET∙minutes per week) categories of physical 
activity [224]. 
 
5.3.4 Statistical analysis 
All data were analysed using the Statistical Package for Social Sciences (SPSS for Windows, vers. 
22.0, SPSS Inc., Chicago, IL, USA). An alpha level of 0.05 was set as significant for all statistical 
testing. Data were inspected visually and statistically (Kolmogorov-Smirnov statistic) for normality 
prior to analysis, and are presented as mean ± SD and median (interquartile range). Non-normally 
distributed data were logarithmically transformed for normality prior to analyses, and where data 
were non-normally distributed and log transformation did not achieve normality, non-parametric 
analyses were conducted. Independent t-tests (two-tailed) were used to compare baseline 
demographics between those allocated to SUP and IND who responded to the questionnaire, and 
between questionnaire respondents (SUP and IND combined) and non-respondents. Physical activity 
outcomes (i.e. walking, moderate, vigorous and total physical activity) were analysed using non-
parametric tests (Friedman with Wilcoxon Signed Rank post-hoc) to assess change in the 34 
participants followed up at 15-months. Effect sizes (ES) are reported as Pearson’s correlation 
coefficient (r) for physical activity outcomes (90% confidence intervals are used because partial eta 
squared values cannot be negative) [245]. Mann-Whitney’s U-test compared physical activity 
between groups at each time point (i.e. baseline, 8-weeks and 15-months), and also the change in 
physical activity for walking, moderate, vigorous and total physical activity between groups across 
each time period. A Chi-square test investigated associations between supervision and the attainment 
of physical activity guidelines at each time point. Cochrane’s Q test investigated changes in the 
proportion of participants meeting physical activity guidelines at the three time points. 
 
Simple and stepwise multiple regression models were used to determine the predictors of physical 
activity participation at baseline 15-month follow-up. Univariate linear regressions indicated the 
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baseline and change predictors (age, BMI, waist circumference, absolute and relative grip strength, 
absolute and relative knee extension and flexion strength, and predicted V̇O2 max) that were 
significantly related to physical activity outcomes at baseline and 15-month follow-up. Significant 
predictors were then considered for inclusion in multiple regression models. Collinearity was defined 
as correlation > 0.7 and low (≤ 0.1) coefficient tolerance (1 - R2) and was used to assess which 
variables could be included together in the same regression model. A multiple regression model was 
performed for total weekly physical activity at 15-month follow-up using baseline predictors, but not 
using change predictors or for any other physical activity outcomes due to either multicollinearity 
between variables or a lack of significant univariate associations. A stepwise multiple regression 
model was used to determine the strongest baseline predictor of total weekly physical activity at 15-
month follow-up.  
 
Sensitivity analysis was conducted on outliers by converting continuous variables to standardised, or 
z scores, and removing values below -3.29 or greater than 3.29, and re-running the analyses. This did 
not change any statistical outcomes, therefore outliers were not removed and all data points were 
included in analyses. 
 
5.4 Results 
Of the 46 participants (SUP: n = 22; IND: n = 24) who completed the 8-week workplace exercise 
intervention, 34 (74%) completed the 15-month follow-up. Baseline characteristics were similar 
between those who did and did not complete the follow-up questionnaire (Table 5.1, pg. 176). There 
was a significant increase in weekly vigorous-intensity physical activity from baseline to 8-weeks for 
both SUP [p = 0.011; r = 0.47 (90% CI: -0.1 to 0.8); medium ES] and IND [p = 0.005; r = 0.47 (90% 
CI: 0.0 to 0.8); medium ES] groups. There was a significant decrease in moderate-intensity physical 
activity from 8-weeks (post-intervention) to 15-month follow-up for the IND [p = 0.025; r = 0.37 
(90% CI: -0.1 to 0.7); medium ES] group. However, the concurrent decrease in vigorous-intensity 
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physical activity was not statistically significant (Table 5.2, pg. 178). There was a significant change 
in the proportion of participants reporting meeting physical activity guidelines (p = 0.04) from 
baseline (59%), to 8-weeks (82%), to 15-month follow-up (59%), which was not associated with the 
type of supervision received during the 8-week intervention. There was a strong, positive correlation 
between baseline and 15-month follow-up walking (r = 0.44; p = 0.01) and total weekly physical 
activity participation (r = 0.56; p < 0.001), but no correlations between baseline and 15-month follow-
up moderate- or vigorous-intensity physical activity participation. Furthermore, no statistically 
significant differences were found in physical activity participation at any time point between 
supervision groups, or in the magnitude of change in physical activity between groups.  
 
Table 5.1: Baseline characteristics of university staff involved in the 8-week workplace exercise intervention. 
Outcome 
Completed follow-up questionnaire 
Did not complete 
follow-up 
questionnaire 
SUP IND NQG 
Participants (n) 15 19 12 
Male/Female (n) 2 / 13 5 / 14 1 / 11 
Age (years) 42.1 ± 10.7 41.1 ± 11.0 45.8 ± 13.3 
BMI (kg·m2) 26.5 ± 3.4 24.8 ± 4.2 25.8 ± 3.9 
WC (cm) 86.8 ± 12.7 81.6 ± 10.8 85.7 ± 14.4 
Absolute isometric grip strength (kg) 38.2 ± 12.8 36.4 ± 12.1 30.0 ± 8.2 
Relative isometric grip strength (kg·kg-1 body mass) 0.50 ± 0.13 0.52 ± 0.12 0.44 ± 0.12 
Absolute isokinetic knee extension strength (Nm) 147.0 ± 49.5 141.9 ± 57.2 121.1 ± 24.1 
Relative isokinetic knee extension strength (Nm·kg-1 %) 191.6 ± 47.9 201.1 ± 60.5 176.3 ± 36.3 
Absolute isokinetic knee flexion strength (Nm) 73.1 ± 19.9 71.9 ± 28.7 65.2 ± 20.2 
Relative isokinetic knee flexion strength (Nm·kg-1 %) 96.0 ± 19.9 102.5 ± 32.4 95.2 ± 29.6 
Predicted V̇O2 max (ml·kg·min-1) 23.5 ± 3.5 23.8 ± 5.4 23.5 ± 4.3 
Sitting time per weekday (hours) 8.4 ± 1.9 9.4 ± 2.1 8.2 ± 2.9 
Walking per week (MET∙minutes) 640.2 ± 521.0 346.5 ± 403.6 314.9 ± 172.3 
Moderate-intensity activity per week (MET∙minutes) 157.3 ± 263.8 221.1 ± 296.8 320.0 ± 442.5 
Vigorous-intensity activity per week (MET∙minutes) 213.3 ± 434.7 581.1 ± 1179.3 293.3 ± 460.6 
Total activity per week (MET∙minutes) 1010.9 ± 840.1 1148.6 ± 1141.1 928.2 ± 692.4 
BMI, body mass index; IND, indirectly supervised exercise group; (kg·kg-1 body mass), kg of force per kg body mass; (ml·kg·min-1), 
millilitres of oxygen consumed per kg body mass per minute; (Nm), Newton-meters of torque; (Nm·kg-1 %), Newton-meters of torque 
as a percentage of body mass; NQG, non-questionnaire group; SUP, directly supervised exercise group; WC, waist circumference. 
Data are presented as mean values ± SD. * indicates significant difference (p < 0.05) between SUP and IND questionnaire respondents; 
# indicates significant difference (p < 0.05) between questionnaire respondents and non-respondents calculated from independent t-
tests. Predicted V̇O2 max measured using submaximal cycle test. Isokinetic knee strength measured using Biodex. Grip strength 
measured using handheld dynamometer. 
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Baseline waist circumference and change in absolute grip strength were associated (p < 0.05) with 
weekly moderate-intensity physical activity at 15-month follow-up. A positive relationship between 
baseline absolute grip strength and weekly moderate-intensity physical activity at 15-month follow-
up approached significance (p = 0.052; Table 5.3, pg. 179). A greater reduction in BMI over the 8-
week intervention was associated (p < 0.05) with higher weekly vigorous-intensity physical activity 
at 15-month follow-up (Table 5.3, pg. 179). Baseline V̇O2 max was the only variable associated 
(positively; p < 0.05) with baseline total physical activity. However, all baseline strength and fitness 
variables were positively associated (p < 0.05) with total weekly physical activity at 15-month follow-
up (Table 5.3, pg. 179). In a multiple regression for the whole group (SUP and IND), the baseline 
variables absolute grip strength, relative knee extension and flexion strength and V̇O2 max accounted 
for 38% (r = 0.61, p < 0.05) of the variance in total weekly physical activity at the 15-month follow-
up. In a stepwise multiple regression model including these factors, baseline V̇O2 max was the only 
outcome independently and significantly related to total weekly physical activity at the 15-month 
follow-up, accounting for 32% of the variance (r = 0.56, p < 0.01). The remainder of the variance in 
total physical activity at the 15-month follow-up was attributed to grip strength (r = 0.39), absolute 
knee extension strength (r = 0.44), relative knee extension strength (r = 0.48), absolute knee flexion 
strength (r = 0.47) and relative knee flexion strength (r = 0.5). 
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Table 5.2: Physical activity at baseline, after the 8-week workplace exercise intervention and at 15-month follow-up for university employees. 
Outcome measure 
SUP 
 Effects 
(time) 
 
IND 
 Effects 
(time) 
n 
Pre 
Median (IQR) 
8 weeks 
Median (IQR) 
15-month follow-up 
Median (IQR) 
 
p  n 
Pre 
Median (IQR) 
8 weeks 
Median (IQR) 
15-month follow-up 
Median (IQR) 
 p 
Walking per week 
(MET∙minutes) 
14 594 (182-1238) 545 (190-1126) 536 (173-1089)  0.56  18 198 (66-396) 198 (66-396) 198 (0-619)  0.80 
Moderate-intensity 
activity per week 
(MET∙minutes) 
13 80 (0-240) 240 (0-600) 0 (0-240)  0.84  18 160 (0-390) 240 (0-390) 0 (0-30)^  <0.05* 
Vigorous-intensity 
activity per week 
(MET∙minutes) 
14 0 (0-360) 560 (120-1440)# 360 (0-990)  <0.05*  18 0 (0-480) 620 (240-1440)# 0 (0-240)  <0.01** 
Total activity per week 
(MET∙minutes) 
13 891 (297-1653) 1125 (923-2213) 1314 (666-2092)  0.18  17 777 (302-1242) 1116 (718-1854) 396 (149-1523)  0.09 
IND, indirectly supervised exercise group; (MET∙minutes), MET∙minutes of physical activity-related energy expenditure calculated from the International Physical Activity Questionnaire; SUP, directly 
supervised exercise group. p values using Friedman test. Bold font indicates statistical significance (*p < 0.05; **p < 0.01); # indicates significant difference between baseline and 8-weeks (p < 0.05); ^ 
indicates significant difference between 8-weeks and 15-month follow-up (p < 0.01). 
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Table 5.3: Associations between baseline, change scores and physical activity at 15-month follow-up for 
university employees. 
∆, change (8-weeks–baseline); BMI, body mass index; (ml·kg·min-1), millilitres of oxygen consumed per kg body mass per 
minute; (Nm), Newton-meters of torque; (Nm·kg-1 %), Newton-meters of torque as a percentage of body mass; WC, waist 
circumference. r and p values using Pearson correlations with walking per week, moderate-intensity activity per week, 
vigorous-intensity activity per week, and total activity per week as dependent variables. Bold font indicates statistical 
significance (*p < 0.05; **p < 0.01).   
 
 
Walking per week 
(MET∙minutes) 
Moderate-intensity 
activity per week 
(MET∙minutes) 
Vigorous-intensity 
activity per week 
(MET∙minutes) 
Total activity per 
week (MET∙minutes) 
 r p r p r p r p 
Baseline outcome         
log Age (years) -0.226 0.222 0.226 0.248 0.121 0.533 -0.138 0.467 
BMI (kg·m2) 0.020 0.913 0.333 0.084 -0.144 0.457 -0.058 0.762 
WC (cm) 0.091 0.625 0.387 <0.05* -0.150 0.437 -0.004 0.982 
log Absolute isometric grip strength 
(kg) 
0.265 0.150 0.370 0.052 0.046 0.812 0.390 <0.05* 
log Absolute isokinetic knee 
extension strength (Nm) 
0.437 <0.05* 0.251 0.197 0.018 0.927 0.442 <0.05* 
Relative isokinetic knee extension 
strength (Nm·kg-1 %) 
0.398 <0.05* 0.075 0.705 -0.005 0.980 0.479 <0.01** 
log Absolute isokinetic knee flexion 
strength (Nm) 
0.348 0.055 0.150 0.446 -0.076 0.695 0.465 <0.05* 
Relative isokinetic knee flexion 
strength (Nm·kg-1 %) 
0.258 0.162 -0.084 0.672 -0.109 0.574 0.500 <0.01** 
Predicted V̇O2 max (ml·kg·min-1) 0.172 0.354 -0.205 0.296 0.248 0.194 0.562 <0.01** 
Change outcome         
∆ BMI (kg·m2) -0.303 0.111 -0.056 0.786 -0.477 <0.05* -0.189 0.335 
∆ WC (cm) 0.074 0.724 0.049 0.829 -0.025 0.907 0.264 0.202 
∆ Absolute isometric grip strength 
(kg) 
-0.044 0.820 -0.552 <0.01** -0.196 0.327 0.024 0.904 
∆ Absolute isokinetic knee extension 
strength (Nm) 
0.106 0.598 -0.142 0.498 0.234 0.250 -0.171 0.393 
∆ Relative isokinetic knee extension 
strength (Nm·kg-1 %) 
0.256 0.207 -0.256 0.227 0.221 0.299 0.116 0.580 
∆ Absolute isokinetic knee flexion 
strength (Nm) 
0.040 0.832 0.160 0.424 0.109 0.581 0.130 0.501 
∆ Relative isokinetic knee flexion 
strength (Nm·kg-1 %) 
0.097 0.609 0.140 0.497 0.283 0.153 0.057 0.773 
∆ Predicted V̇O2 max (ml·kg·min-1) -0.147 0.438 -0.174 0.386 0.003 0.987 -0.231 0.227 
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5.5 Discussion 
Physical inactivity is an important cardiovascular, metabolic and all-cause mortality risk factor, 
independent of traditional risk factors [214, 234]. Survey studies in Canada and the US found 
that only 35% and 52% of university employees reported achieving minimum weekly physical 
activity guidelines respectively [135, 163]. Fifty-nine percent (baseline), 82% (8-weeks) and 
59% (15-months) of participants in the current study self-reported achieving the minimum 500-
1000 MET·minutes of weekly physical activity-related energy expenditure associated with 
health benefits [38]. This shows that while a short-term intervention was able to increase 
physical activity participation, this was not maintained with participants reverting back to their 
previous physical activity participation after 15 months. Furthermore, CRF was poor to very 
poor (i.e. mean < 25 ml·kg·min-1) [36]. This finding confirms the need for exercise 
interventions to improve CRF in addition to physical activity participation, as CRF is an 
additional independent cardiovascular [61, 62], metabolic [63, 64] and mortality risk factor [4, 
65, 66]. To the researchers’ knowledge, this is the first study to directly compare the effects of 
different types of exercise supervision on physical activity participation 15 months after the 
delivery of an onsite 8-week exercise intervention involving a healthy workplace population. 
 
The proportion of employees reporting meeting physical activity guidelines at baseline (59%) 
was lower than that observed in the initial university survey conducted in Chapter 3 (85%). It 
is reasonable to expect that the current intervention attracted a greater proportion of inactive 
participants who enrolled with an aim of increasing their physical activity participation, 
whereas employees who were already active may have been more likely to complete the initial 
physical activity survey but not enrol in the intervention. Participants from both supervision 
groups significantly increased their vigorous-intensity physical activity participation over the 
8-week intervention. The concurrent significant increases to objectively measured CRF and 
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muscular strength support the finding of an increase in vigorous-intensity physical activity, an 
independent mortality risk factor [60]. However, the proportion of participants meeting 
physical activity guidelines decreased from immediately after the 8-week intervention to the 
15-month follow-up (-23%), a finding that is not surprising given that only around 50% of 
participants usually continue their newly adopted physical activity behaviours 6-months after 
the end of an intervention [34]. The strong correlation between baseline and 15-month follow-
up total weekly physical activity participation suggests those that entered the study with low 
participation levels were less likely to meet physical activity guidelines in the long-term. It is 
unknown whether workplace exercise interventions of longer duration with direct or indirect 
supervision will have a greater impact on long-term physical activity participation, and 
warrants investigation.  
 
While baseline CRF was the only variable significantly associated with baseline physical 
activity, both muscular strength and CRF were important predictors of future physical activity 
participation. Baseline knee extension strength (both absolute and relative) was an important 
predictor of future weekly walking volume, and walking made the highest contribution to total 
weekly physical activity at the 15-month follow-up. However, while all upper and lower body 
strength measures were positively associated with total weekly physical activity participation 
at the 15-month follow-up, V̇O2 max had the strongest association. These findings indicate that 
muscular strength is an important predictor of future low-intensity physical activity 
participation, while CRF is an important predictor of future total physical activity participation. 
Indeed, both muscular strength (grip strength) and CRF (predicted  V̇O2 max) have been shown 
to moderate the association between physical activity (IPAQ) and both mortality and CVD risk 
after controlling for potential confounding variables including age, sex, ethnicity, smoking 
status, BMI, alcohol intake, existing chronic disease and daily sedentary time [235]. Achieving 
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and maintaining adequate levels of muscular strength and CRF, both important independent 
health-related fitness components [5, 32, 33, 65], should be a goal of workplace exercise 
programs aiming to maintain regular low, moderate and vigorous physical activity participation 
and reduce employee chronic disease risk in the long-term. 
 
5.6 Conclusions 
An 8-week supervised moderate- to vigorous-intensity aerobic and resistance workplace 
exercise intervention was effective in increasing employee vigorous-intensity physical activity 
in the short-term. However, the workplace exercise intervention combined with either direct or 
indirect exercise supervision did not achieve significant long-term (15-month) increases to 
overall physical activity participation. Cardiorespiratory fitness and muscular strength are 
predictors of future physical activity participation, and the attainment of sufficient levels of 
CRF and strength should be a goal for exercise interventions aiming to increase adults’ long-
term adoption of physical activity. The type of exercise supervision offered may not be 
important in achieving changes to physical activity in the short-term, assuming adequate 
exercise programming and instruction is provided at the commencement of the exercise 
program and a supervised facility is available for exercise training.  
 
Based on these findings, greater ongoing behaviour change support within the workplace (e.g. 
exercise supervision, physical assessments) may be required for short-term increases in 
physical activity participation to be translated into long-term adherence. In conjunction with 
the findings of Chapter 4, this study demonstrates that whilst physical activity participation and 
physical fitness may be increased during a short workplace exercise intervention, participants 
generally return to pre-intervention physical activity levels once the intervention concludes. A 
longer intervention period (e.g. 16 weeks) is more likely to result in sustained positive 
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behaviour change [34]. However, from previous research it is unclear whether longer 
intervention periods improve long-term exercise adherence in workplace settings.  
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6 Exercise supervision is important for adherence, health and fitness improvements in 
the workplace: a 16-week randomised controlled trial 
 
6.1 Preface 
Following the fitness improvements achieved over the 8-week workplace exercise intervention 
for both directly and indirectly supervised exercise groups (Chapter 4), but the inability to 
maintain increased physical activity over the longer term (Chapter 5), this study (Chapter 6) 
investigates the health and fitness effects of a longer (16-week) workplace exercise 
intervention. While both direct and indirect exercise supervision achieved equivalent increases 
to CRF and muscular strength (Chapter 4), it is unknown whether the lower-cost option of 
simply providing a physical assessment and prescribed exercise program without exercise 
supervision achieves similar health and fitness improvements. Therefore, a non-supervised 
group without free onsite exercise facility access was added to the study design. Furthermore, 
a longer intervention period may be required to see differences in types of workplace exercise 
supervision. Studies involving interventions longer than 12 weeks in clinical populations have 
demonstrated greater pain reductions in patients receiving direct exercise supervision [27-29], 
and postmenopausal women adhered more closely to supervised (95%) as opposed to 
unsupervised (77%) exercise components of a 12-month exercise program [35]. A range of 
gold standard testing measures were used in the following study along with a longer 
intervention duration (16 weeks) to more comprehensively assess the effects of different types 
of exercise supervision on adherence, fitness and health outcomes in the workplace. 
 
6.2 Introduction 
Despite a national policy and program focus to promote physical activity in high-income 
countries over the past 15 years, and more recently in low- and middle-income countries, 
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physical inactivity remains a leading cause of global morbidity and mortality, contributing to 
3.2 million deaths and 69.3 million disability-adjusted life years annually [3]. Based on self-
report data, almost 50% of adults worldwide are physically inactive, contributing to an annual 
global inactivity-related healthcare cost exceeding 67.5 billion international dollars. Physical 
inactivity is a contributing lifestyle factor to the increasing global incidence of obesity and 
preventable chronic diseases including type 2 diabetes, cardiovascular disease, osteoporosis 
and many types of cancer [104]. In an effort to curb the growing negative health and economic 
impact of chronic diseases, the WHO has announced a global target of a 10% reduction in the 
prevalence of physical inactivity by 2025 [3]. 
  
Compounding the low rates of worldwide physical activity, the working environment typical 
of many modern workplaces has led to widespread occupational sedentarism and reduced 
cardiovascular and musculoskeletal demand [174], resulting in diminished physical capacity 
and an increase in obesity due to energy imbalance [174, 250, 251]. Given that two-thirds of 
people over 15 years of age are employed worldwide [8], inactive workplace environments 
affect a significant proportion of the population. Nevertheless, the workplace simultaneously 
presents a scalable opportunity to engage adults in exercise and reduce chronic disease risk, 
with 3.6 billion people projected to be working by 2020 [8]. 
 
A key component to engaging employees in regular exercise is overcoming barriers to 
participation. In a workplace setting, a perceived lack of time due to work constraints is the 
most frequently reported barrier to participation in physical activity programs [134-137]. 
Indeed, reviews of workplace physical activity interventions [13, 16, 43] and health-promotion 
programs [44] indicate limited effectiveness to employee health [43], fitness [16] and physical 
activity [13, 44] outcomes to date. Workplaces equipped with, or located in close proximity to 
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fitness centres or spaces suitable for physical activity may reduce participation barriers such as 
a perceived lack of time and inadequate access to exercise equipment [220]. However, the 
impact of workplace exercise programs tends to be reduced by uptake rates lower than 50% 
[167] and poor long-term employee retention [10]. In addition to providing onsite exercise 
facilities to reduce barriers to participation including a lack of time, facility access and 
prohibitive cost, other strategies to support program uptake and adherence require 
investigation. 
 
Supervised exercise is one strategy that may improve the impact of workplace interventions 
based on previous findings in non-workplace settings. Specifically, studies involving prostate 
cancer [27], intermittent claudication [14], chronic low back pain [29], knee osteoarthritis [28] 
and obese [15] patients have reported greater improvements to health, fitness and quality of 
life outcomes for supervised as opposed to unsupervised or home-based exercise over six 
weeks to twelve months, potentially mediated through increased motivation [14] and program 
adherence [15]. However, research comparing different types of exercise supervision in the 
workplace is currently limited to musculoskeletal health [168, 172, 252]. Contrary to an earlier 
review that found greater musculoskeletal pain reductions for supervised as opposed to 
unsupervised exercise in the workplace [168], reductions to neck and shoulder pain were 
similar between office workers who received either ongoing exercise supervision or initial 
exercise supervision for the first two weeks only, of a 20-week resistance training intervention 
[172]. In conjunction with the findings of our earlier short-term intervention (Chapter 4), it is 
therefore unclear as to whether any additional health benefits, and specifically improvements 
to cardiometabolic health, are achieved by providing direct or indirect exercise supervision in 
a workplace setting. 
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Given the modest health and fitness effects of workplace physical activity and health promotion 
programs to date (Chapter 2), the scalable opportunity that the workplace presents as a setting 
for exercise engagement and the potential that supervised exercise has shown to improve health 
and fitness over and above unsupervised exercise in non-workplace settings [14, 15, 27-29], 
further research into the effectiveness of workplace exercise supervision strategies is 
warranted. This study investigated and compared the effects of direct, indirect and no exercise 
supervision on changes to cardiometabolic and health-related fitness outcomes, exercise 
adherence and training volume in apparently healthy employees undertaking a 16-week 
workplace exercise intervention. Despite the findings of the earlier 8-week intervention 
(Chapter 4), and based on other studies comparing exercise supervision over a similar duration, 
it was hypothesised that this longer 16-week intervention with gold-standard testing measures 
would find greater improvements to CRF, muscular strength, body composition, blood lipids, 
glucose and inflammation in employees who received ongoing direct (1:1) exercise supervision 
and instruction compared to employees receiving indirect or no supervision, mediated by a 
closer adherence to the prescribed exercise intervention. 
 
6.3 Methods 
6.3.1 Study population and design 
This was a parallel-group randomised controlled trial of three groups receiving different types 
of exercise supervision during a 16-week workplace exercise intervention. The study was 
approved by the RMIT university Human Research Ethics Committee (project number 53/13; 
Appendix C, pg. 252) and registered with the Australian New Zealand Clinical Trials Registry 
(ACTRN12615000303549). The intervention took place from April to December 2015 and is 
reported in accordance with the CONSORT statement [238]. Participants were recruited from 
an Australian university using flyers and an advertisement on the university research webpage. 
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Healthy employees aged 18-70 years who were free from any condition for which exercise is 
contraindicated [36] were eligible for inclusion, and provided written informed consent prior 
to participation (Appendix D: PICF, pg. 256). Computer-generated concealed randomisation 
was conducted in block sizes of 10 and stratified by sex to allocate 85 university employees to 
either a directly supervised exercise (DIR; n = 28), indirectly supervised exercise (IND; n = 
28), or unsupervised exercise control (CON; n = 29) group following baseline testing. 
Randomisation was implemented using individual opaque envelopes by an independent 
researcher.  
 
Outcomes were assessed before, mid- (8 weeks) and post- (16 weeks) intervention. All data 
were collected onsite at the university by an accredited exercise physiologist who was not 
blinded to group allocation. Participants fasted for 12 hours overnight prior to venous blood 
sample collection and height, body mass and body composition assessment. Participants 
returned to the laboratory a minimum 24 hours later for CRF assessment (V̇O2 peak), and again 
a minimum 72 hours later for muscular strength assessment (1RM bench and leg press 
exercises). All participants were asked to maintain their usual dietary intake and to avoid 
strenuous exercise for the 48 hours prior to each testing session. 
 
6.3.2 Exercise capacity 
As opposed to the submaximal cycle test and the isokinetic and isometric strength tests used in 
the earlier 8-week RCT, this study used a range of gold-standard fitness assessments to more 
precisely measure CRF and muscular strength and provided a greater degree of sensitivity to 
detect possible changes to these outcomes [36]. Cardiorespiratory fitness was assessed by an 
incremental cycle test using indirect calorimetry (True One 2400, Parvo Medics, USA). 
Participants cycled at 70-75 rpm while resistance was increased (15-20 and 20-25 watts per 
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stage for females and males respectively) every 150 seconds until volitional exhaustion was 
reached [253]. Peak oxygen consumption (V̇O2 peak) was determined as the highest 30-second 
oxygen consumption recorded. Concurrently, 12-lead electrocardiogram monitoring (Quinton 
Q-Stress, Cardiac Science, USA) was performed to screen for any abnormal cardiac responses 
that would indicate early test termination [36]. The metabolic cart was calibrated with gases of 
known concentration (16% O2 and 4% CO2) and a 3-litre Hans Rudolph calibration syringe 
prior to each test. Muscular strength was assessed using one-repetition maximum (1RM) bench 
press (upper body) and 45° leg press (lower body). Participants performed a pre-warmup set of 
12 repetitions for both the 45° leg press (no weight loaded onto the machine) and bench press 
(using a wooden broomstick) exercises, administered by the same accredited exercise 
physiologist who, after demonstrating the exercises, provided technique correction (including 
breathing) to ensure each participant demonstrated the exercises safely with correct technique 
before commencing warmup sets. Three submaximal warm-up sets of 10, 5 and 3 repetitions 
were then performed followed by single lifts interspersed by 2-3 minutes of passive rest until 
failure [254]. The point of failure was defined by two consecutive unsuccessful attempts. The 
highest previous successful lift was recorded as the 1RM.  
 
6.3.3 Blood analyses 
Fasting blood samples were drawn from an antecubital vein into an SST vacutainer (8 ml) and 
allowed to clot at room temperature. Serum was separated by centrifugation at 3000 rpm for 
15 minutes and stored at –80°C for batch analysis after the study. Serum analyses were 
performed at a commercial testing laboratory for each of total cholesterol (TC), high-density 
lipoprotein cholesterol (HDL-C), triglycerides (TG), glucose and high-sensitive C-reactive 
protein (CRP) using Roche Cobas c701 and c502 instruments, with laboratory reported 
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coefficients of variance (CV) of 1.1%, 1.6%, 1.9%, 1.3% and 2.9% respectively. Low-density 
lipoprotein cholesterol (LDL-C) was calculated using the Friedewald equation [244]. 
 
6.3.4 Body composition and blood pressure 
As opposed to the measurement of waist circumference and BMI used in the earlier 8-week 
RCT, this study used a gold-standard technique to precisely determine body composition. 
Participants underwent a fasted whole-body Dual-energy X-ray Absorptiometry (DXA) scan 
(GE Lunar Prodigy Pro, GE Healthcare; software: Encore 2009, version 12.20.033) for the 
assessment of total fat and lean mass wearing only a hospital gown and underwear. Participants 
remained supine following the DXA scan for blood pressure and resting heart rate assessment 
(Omron HEM-7200, Omron Healthcare, Kyoto, Japan), each measured twice with ≥ 1 minute 
between measurements and the arm elevated on a pillow to achieve equal level with the heart 
[255]. The mean of two measurements were recorded unless a difference of ≥ 5 mmHg was 
measured for either systolic or diastolic pressure, in which case a third measure was taken and 
the median of the three recorded. 
 
6.3.5 Exercise supervision 
Participants in the DIR group received direct individual (1:1) supervision for each session while 
those in the standard care IND group were indirectly supervised by gymnasium floor staff who 
provided assistance only if requested or required. Both DIR and IND groups trained at an onsite 
gymnasium at different times, while those allocated to the CON group performed their exercise 
program at a location they chose that was not the onsite gymnasium used for the DIR and IND 
groups (e.g. home or joined a public gymnasium as a member which could have been the 
alternate public gymnasium onsite that was available). An accredited exercise physiologist 
prescribed all exercise and directed each participant including those allocated to CON through 
their individual program at the beginning of the intervention and at the beginning of weeks 
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five, nine and thirteen when new exercises targeting the same muscle groups were introduced. 
If CON participants had any questions about their program the accredited exercise physiologist 
was available to be contacted as was the case for all study participants. Trained undergraduate 
exercise science students assisted with the day-to-day delivery of the programs under the 
guidance of an accredited exercise physiologist (i.e. the students provided exercise supervision 
for the SUP and IND groups). Participants were not provided with any advice to change dietary 
patterns during the study. 
 
6.3.6 Exercise intervention 
The 16-week exercise intervention was based on ACSM moderate-vigorous exercise guidelines 
[36], with each session involving 20-30 minutes of aerobic exercise (stationary cycling, 
outdoor walking and jogging) and a combination of six multi- and single-joint resistance 
exercises for the development of whole-body muscular strength. All programs were structured 
equally with each session commencing with 10-15 minutes of aerobic exercise followed by six 
resistance exercises, concluding with 10-15 minutes of aerobic exercise. Exercise intensity and 
complexity was individually-tailored for each participant. Aerobic exercise intensity was 
progressed from 55-70% maximum heart rate reserve during weeks 1-8 to 65-80% maximum 
heart rate reserve during weeks 9-16. DIR and IND participants wore heart rate monitors (Polar 
RC3 GPS, Polar Electro Oy, Finland) to verify aerobic training intensity. Resistance exercises 
were performed as three sets of eight to twelve repetitions with a between-set rest period of 30-
120 seconds, at an intensity of 15-18 on the 6-20 Borg RPE scale [241] with RPE recorded 
immediately after the third set of each exercise. Participants in CON who were exercising from 
home were prescribed similar resistance exercises to SUP and IND. 
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6.3.7 Attendance and training volume 
Onsite gymnasium opening times were 0730 to 0930, 1130 to 1400, and 1600 to 1830 Monday 
to Thursday, and 0730 to 0930, 1130 to 1400 on Friday each week. Both DIR and IND groups 
were each allocated seven separate training session times per week to choose from to ensure 
equal access over the intervention. Adherence was based on session attendance [256] with all 
participants (DIR, IND, CON) prescribed a minimum of two exercise sessions per week based 
on the clinical meaningful increases to CRF observed in Chapter 4. Participants could choose 
to complete up to five sessions per week (Monday to Friday) and were not restricted in their 
activities outside of the study. Along with session duration, the exercise mode, intensity and 
RPE were recorded for aerobic exercises. Sets, repetitions, weight and RPE were recorded for 
resistance exercises. Kilojoules (kJ) of energy expenditure were calculated using the equations 
[257]: 
 
𝐾𝑖𝑙𝑜𝑗𝑜𝑢𝑙𝑒𝑠 (𝑘𝐽)𝑐𝑦𝑐𝑙𝑖𝑛𝑔 =
𝑟𝑒𝑠𝑖𝑠𝑡𝑎𝑛𝑐𝑒 (𝑊𝑎𝑡𝑡𝑠) 𝑥 6.12 (𝑘𝑔𝑚 𝑝𝑒𝑟 𝑚𝑖𝑛) 𝑥 𝑑𝑢𝑟𝑎𝑡𝑖𝑜𝑛 (𝑚𝑖𝑛) 𝑥 9.81 (𝑔𝑟𝑎𝑣𝑖𝑡𝑦)  
 
𝐾𝑖𝑙𝑜𝑗𝑜𝑢𝑙𝑒𝑠 (𝑘𝐽)𝑤𝑎𝑙𝑘𝑖𝑛𝑔 𝑎𝑛𝑑 𝑗𝑜𝑔𝑔𝑖𝑛𝑔 =
𝑏𝑜𝑑𝑦 𝑚𝑎𝑠𝑠 (𝑘𝑔)𝑥 𝑑𝑖𝑠𝑡𝑎𝑛𝑐𝑒(𝑚)
1000
 
 
Resistance training volume (kg) was calculated using the equation [243]:  
𝑅𝑒𝑠𝑖𝑠𝑡𝑎𝑛𝑐𝑒 𝑡𝑟𝑎𝑖𝑛𝑖𝑛𝑔 𝑣𝑜𝑙𝑢𝑚𝑒 = 𝑠𝑒𝑡𝑠 𝑥 𝑟𝑒𝑝𝑒𝑡𝑖𝑡𝑖𝑜𝑛𝑠 𝑥 𝑚𝑎𝑠𝑠 𝑙𝑖𝑓𝑡𝑒𝑑 (𝑘𝑔) 
 
6.3.8 Statistical analysis 
All data were analysed using the Statistical Package for Social Sciences (SPSS for Windows, 
vers. 23.0, SPSS Inc., Chicago, IL, USA). An alpha level of 0.05 was set as significant for all 
statistical testing. A-priori sample size calculation was based on the primary outcome CRF, 
 
 
194 
 
predicted effect size = 0.4 [258],  = 0.05,  = 0.05, resulting in a required sample of 23 per 
group or a total of 69 participants. To account for potential attrition (44%) [259] a sample of 
99 was targeted for recruitment. One-way ANOVA compared baseline characteristics between 
groups. Repeated measures ANOVA investigated the effect of exercise supervision (group) 
and time on weekly session attendance, exercise capacity, body composition and metabolic 
outcomes using an intention-to-treat (ITT) method whereby missing values were substituted 
with the last known observation. If the assumption of sphericity was breached, the Greenhouse-
Geisser statistic was reported. Contrasts indicated where significant interactions occurred (e.g. 
baseline to mid-intervention), and one-way ANOVA indicated which groups interacted 
(Tukey’s HSD post-hoc). Per-protocol analyses excluding the four withdrawals and three 
dropouts were also conducted.  
 
One-way ANOVA compared overall session attendance, aerobic energy expenditure and 
resistance training volume between groups. Effect sizes (ES) are reported as partial eta squared 
(90% confidence intervals are used because partial eta squared values cannot be negative) 
[245]. Normality was checked visually and statistically using the Kolmogorov-Smirnov 
statistic prior to analysis. However, non-normal distributions were not transformed given the 
adequate sample size required for robustness [228]. A sensitivity analysis was conducted on 
outliers (> 1.5 box-lengths from edge of box in boxplot) which changed statistical outcomes 
for aerobic energy expenditure and resistance training volume, therefore outliers (n = 13 data 
points) were removed for analyses involving these outcomes. 
 
6.4 Results 
Participant flow is presented in Figure 6.1 (pg. 196). From the initial 85 participants recruited 
8% (IND: n = 4; control: n = 3) did not complete the study. Reasons for withdrawal or dropout 
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are provided in Figure 6.1 (pg. 196). One participant (CON) experienced a flare-up of a pre-
existing injury and withdrew from the intervention; no other adverse events occurred. There 
were no between-group differences at baseline with regard to demographics or any other 
variable (Table 6.1, pg. 197). The majority of participants were female (73%), and employment 
type varied between academic (47%), professional (38%), technical (8%) and sessional 
academic (7%). Participants were a mean ± SD 43.2 ± 9.8 years old, had a BMI of 26.1 ± 3.6 
kg/m2 (overweight) with a mean ± SD fat mass of 39.8 ± 7.6% (females) and 26.0 ± 6.8% 
(males). Cardiorespiratory fitness was generally low at baseline [36], with mean ± SD absolute 
and relative V̇O2 peak values of 1.9 ± 0.4 L·min-1 and 27.4 ± 5.4 ml·kg·min-1 (females) and 3.0 
± 0.5 L·min-1 and 36.2 ± 7.1 ml·kg·min-1 (males). Mean TC and LDL-C values were above 
normal ranges at baseline (Table 6.1, pg. 197) [36]. 
 
Intention to treat analyses for exercise capacity outcomes are shown in Table 6.2 (pg. 201). 
Interaction (group × time) analyses showed that participants in the DIR group achieved a 
significantly greater increase in both absolute (mean ± SD +9.1 ± 10.1% vs. +3.7 ± 7.9%; p < 
0.05) and relative (mean ± SD +10.4 ± 11.1% vs +3.8 ± 8.9%; p < 0.01) V̇O2 peak than the 
CON group but not significantly greater than the IND group, and no differences were found 
between the IND and CON groups. Power output at V̇O2 peak also increased significantly more 
in the DIR than the CON group at mid- (mean ± SD +10.1 ± 7.6% vs +1.8 ± 8.5%; p < 0.01) 
and post- (mean ± SD: +13.9 ± 9.8% vs +2.0 ± 11.2%; p < 0.001) intervention. Upper body 
strength increased significantly more in the DIR than the CON group at mid- (mean ± SD +9.6 
± 5.6% vs +0.6 ± 6.2%; p < 0.001) and post- (mean ± SD +12.8 ± 8.4% vs +1.7 ± 7.7%; p < 
0.001) intervention, and significantly more in the IND than the CON group at mid- (mean ± 
SD +5.8 ± 6.2% vs +0.6 ± 6.2%; p < 0.05) and post- (mean ± SD +8.4 ± 7.3% vs +1.7 ± 7.7%; 
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p < 0.05) intervention. Lower body strength increased significantly more in the DIR vs. IND 
(p < 0.05) group, DIR vs. CON (p < 0.001) group, and IND vs. CON (p < 0.01) group at mid- 
 
Figure 6.1: Flow of participants through the 16-week university workplace exercise intervention in 
accordance with the CONSORT statement [238]. 
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Table 6.1: Summary of baseline characteristics, exercise outcomes, body composition, blood pressure and 
blood outcomes of participants randomised into the 16-week workplace exercise study. 
 Exercise supervision group 
Outcomes 
DIR (n = 28) 
Mean ± SD 
IND (n = 28) 
Mean ± SD 
CON (n = 29) 
Mean ± SD 
Sex (male/female) 8 / 20 7 / 21 8 / 21 
Age (years) 41.6 ± 9.5 46.1 ± 9.1 42.0 ± 10.5 
Height (cm) 169.3 ± 7.6 167.8 ± 8.9 170.3 ± 9.2 
Exercise outcomes    
V̇O2 peak, absolute (L·min-1) 2.2 ± 0.6 2.2 ± 0.6 2.3 ± 0.7 
V̇O2 peak, relative to BM (ml·kg·min-1) 31.0 ± 7.7 28.8 ± 6.3 29.6 ± 7.1 
Power output at V̇O2 peak (W) 160 ± 43 160 ± 50 164 ± 49 
1RM bench press (kg) 38.2 ± 15.7 40.3 ± 6.5 39.4 ± 17.1 
1RM leg press (kg) 143.5 ± 44.6 150.7 ± 56.6 153.3 ± 55.6 
Body composition and blood pressure    
Resting systolic BP (mmHg) 122 ± 12 120 ± 11 122 ± 14 
Resting diastolic BP (mmHg) 72 ± 8 72 ± 7 72 ± 9 
Body mass (kg) 72.3 ± 13.7 76.1 ± 12.5 75.9 ± 12.1 
Fat mass (kg) 24.5 ± 10.5 27.8 ± 7.3 26.3 ± 9.6 
Fat mass (%BM) 34.4 ± 10.5 38.0 ± 7.5 35.8 ± 10.4 
Lean mass (kg) 45.2 ± 9.3 45.6 ± 9.8 46.9 ± 10.9 
Blood outcomes    
TC (mmol·L-1) 5.3 ± 1.0 5.3 ± 0.8 5.4 ± 1.1 
HDL-C (mmol·L-1) 1.64 ± 0.51 1.50 ± 0.46 1.60 ± 0.46 
LDL-C (mmol·L-1) 3.2 ± 0.9 3.3 ± 0.8 3.2 ± 1.1 
LDL-C:HDL-C ratio 2.1 ± 0.8 2.5 ± 1.1 2.2 ± 1.1 
TC:HDL-C ratio 3.4 ± 0.9 3.9 ± 1.4 3.6 ± 1.3 
TG (mmol·L-1) 1.0 ± 0.3 1.1 ± 0.6 1.2 ± 0.5 
Blood glucose (mmol·L-1) 5.0 ± 0.4 5.2 ± 0.8 5.2 ± 0.8 
High-sensitive CRP (mg·L-1) 1.7 ± 1.6 1.7 ± 1.5 2.0 ± 1.9 
1RM, 1-repetition maximum; BM, body mass; BP, blood pressure; CON, unsupervised control group; CRP, C-reactive protein; 
DIR, directly supervised group; HDL-C, high-density lipoprotein cholesterol; IND, indirectly supervised group; LDL-C, low-
density lipoprotein cholesterol; TC, total cholesterol; TG, triglycerides; W, watts. n = 28 for SUP group, except n = 27 for 
1RM leg press; n = 28 for IND group; n = 29 for control, except n = 27 for high-sensitive CRP, n = 28 for 1RM bench press. 
1RM strength measured using bench press and leg press protocols. Body composition measured using dual-energy X-ray 
absorptiometry. V̇O2 peak measured as peak oxygen consumption during incremental cycle test. p values using one-way 
ANOVA. No significant differences were observed between groups at baseline for any variable (p > 0.05).  
 
 (mean ± SD DIR = +17.1 ± 8.8%; IND = +9.2 ± 10.6%; CON = +0.7 ± 9.1%) and post- (mean 
± SD DIR = +26.3 ± 12.7%; IND = +15.0 ± 14.6%; CON = +4.1 ± 12.4%) intervention. 
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Intention to treat analyses for changes to body composition, blood pressure and blood outcomes 
are shown in Table 6.3 (pg. 202). Interaction analyses found significantly greater reductions to 
both absolute (mean ± SD DIR = -1.8 ± 2.1kg; IND = -0.6 ± 1.8kg; CON = -0.5 ± 2.0kg) and 
relative (mean ± SD DIR = -2.2 ± 2.2%; IND = -0.6 ± 1.9%; CON = -0.7 ± 1.9%) fat mass for 
the DIR vs. CON (p < 0.05) group, and the DIR vs. IND (p < 0.05) group over the 16 weeks. 
Lean mass increased significantly more in the DIR compared to IND group (mean ± SD +1.2 
± 1.2kg vs -0.3 ± 1.3kg; p < 0.01). There was a significant increase to TG for the DIR compared 
to the IND group at mid- (mean ± SD +0.2 ± 0.4 vs -0.1 ± 0.4mmol·L-1; p < 0.05) and post- 
(mean ± SD +0.3 ± 0.5 vs -0.1 ± 0.5mmol·L-1; p < 0.05) intervention. No interaction effects 
were observed for changes to blood pressure, TC, HDL-C, LDL-C, LDL-C:HDL-C ratio, 
TC:HDL-C ratio, blood glucose, or high-sensitive CRP (Table 6.3, pg. 202). 
 
There were no significant interaction effects for attendance over the 16 weeks (p = 0.18), with 
mean attendance declining in all groups over the 16 weeks (p < 0.001). However, a significant 
group effect was observed (p = 0.002) with post-hoc analysis identifying the DIR group 
attended a mean (95% CI) of 0.53 (0.02 to 1.05) sessions per week more than the IND group 
and 0.76 (0.25 to 1.27) sessions per week more than the CON group. No differences in mean 
weekly attendance were identified between IND and CON groups (0.23 (-0.28 to 0.74)). 
However, overall the DIR group completed significantly more exercise sessions (mean ± SD 
30.2 ± 12.3) than the IND (mean ± SD 21.6 ± 11.6; p < 0.05) and CON (mean ± SD 18.0 ± 
14.4; p < 0.01) groups (Figure 6.2, pg. 200). Pairwise comparisons indicated mean attendance 
within the three groups was lower in week six (p < 0.05) and in weeks eight through sixteen (p 
< 0.01) compared to week one (Figure 6.2, pg. 200). Based on attendance, the DIR group 
adhered most closely to the prescription of a minimum two exercise sessions per week. 
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Twenty-two participants (DIR = 9; IND = 8; CON = 5) achieved a clinically meaningful 
increase to V̇O2 peak of ≥ 3.5 ml·kg·min-1 [37]. These participants attended more sessions than 
those who achieved a < 3.5 ml·kg·min-1 increase to V̇O2 peak (mean ± SD 33.6 ± 11.3 vs. 19.6 
± 12.6 sessions; p < 0.001; ES = 0.21). Total aerobic energy expenditure over the intervention 
was greater for the DIR (mean ± SD 4,681 ± 1,885kJ) compared to the IND (mean ± SD 2,894 
± 1,584kJ; p < 0.01) and CON (mean ± SD 2,749 ± 2,283kJ; p < 0.01) groups. Aerobic energy 
expenditure per session (mean ± SD) was greater for the DIR (155 ± 30kJ) compared to the 
CON (117 ± 65kJ; p < 0.05) group and for the IND (164 ± 57kJ) compared to the CON (p < 
0.01) group. Total resistance training volume (mean ± SD) was greater for the DIR (77,490 ± 
39,832kg) compared to the CON (36,600 ± 38,008kg; p < 0.001) group, but not different to the 
IND (56,066 ± 33,443kg) group. There were no significant differences in the resistance training 
volume performed each session (mean ± SD) between DIR (2,492 ± 604kg), IND (2,538 ± 
1,020kg) and CON (1,867 ± 1,683kg) groups. 
 
Secondary analysis: per-protocol 
Secondary per-protocol analyses of all outcomes excluding the seven withdrawals and dropouts 
(IND n = 4, CON n = 3) were similar to intention-to-treat analyses (Table 6.4, pg. 203; Table 
6.5, pg. 204). Interaction (group × time) analyses showed that participants in the DIR group 
achieved a significantly greater increase in both absolute (p < 0.05) and relative (p < 0.05) V̇O2 
peak than the CON group but not significantly greater than the IND group, and no differences 
were found between the IND and CON groups (Table 6.4, pg. 203). Power output at V̇O2 peak 
also increased significantly more in the DIR than the CON group (p < 0.001). Upper body 
strength increased significantly more in the DIR than the CON group (p < 0.001), and 
significantly more in the IND than the CON group (p < 0.05). Lower body strength increased 
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significantly more in DIR vs. CON (p < 0.001), IND vs. CON (p < 0.01) and approached 
significance for DIR vs. IND (p = 0.06) (Table 6.4, pg. 203). 
 
Interaction analyses found significantly greater reductions to relative fat mass for  DIR vs. 
CON (p < 0.05) and DIR vs. IND (p < 0.05) over the 16 weeks, but no differences in the change 
to absolute fat mass between groups (Table 6.5, pg. 204). Lean mass increased significantly 
more in DIR vs. IND (p < 0.01). There was a significant increase to TG for DIR vs. IND (p < 
0.05). No interaction effects were observed for changes to blood pressure, TC, HDL-C, LDL-
C, LDL-C:HDL-C ratio, TC:HDL-C ratio, blood glucose, or high-sensitive CRP (Table 6.5, 
pg. 204). 
 
 
Figure 6.2: Workplace exercise session attendance for each type of supervision over the 16-week 
intervention. 
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Table 6.2: Exercise capacity outcomes of apparently healthy university employees for each exercise supervision group prior to beginning the 16-week exercise 
intervention (baseline), at the intervention midpoint (mid), and at the conclusion of the intervention (post) using intention-to-treat data.  
   Time point  Group  Time  Interaction 
Outcome 
Exercise 
supervision 
 Baseline 
(0-weeks) 
Mean ± SD 
Mid 
(8-weeks) 
Mean ± SD 
Post  
(16-weeks) 
Mean ± SD 
 p 
 
p ES (90% CI) 
 
p ES (90% CI) 
V̇O2 peak, absolute (L·min-1)       0.96  <0.001 0.36 (0.22-0.47)  0.02 0.07 (0.00-0.16) 
 DIR  2.2 ± 0.6 2.4 ± 0.6 2.4 ± 0.7◊         
 IND  2.2 ± 0.6 2.3 ± 0.6 2.4 ± 0.7         
 CON  2.3 ± 0.7 2.3 ± 0.7 2.3 ± 0.7         
V̇O2 peak, relative to BM 
(ml·kg·min-1) 
 
 
    0.27 
 
<0.001 0.35 (0.21-0.46) 
 
0.01 0.09 (0.01-0.18) 
 DIR  31.0 ± 7.7 33.5 ± 7.9* 34.2 ± 8.9◊         
 IND  28.8 ± 6.3 30.5 ± 6.4 31.2 ± 6.8         
 CON  29.6 ± 7.1 30.6 ± 6.5 30.6 ± 7.4         
Power output at V̇O2 peak (W)       0.87  <0.001 0.34 (0.20-0.45)  <0.001 0.15 (0.04-0.25) 
 DIR  160 ± 43 176 ± 48* 182 ± 53◊         
 IND  160 ± 50 171 ± 51 175 ± 54         
 CON  164 ± 49 166 ± 49 167 ± 53         
1RM bench press (kg)       0.90  <0.001 0.44 (0.30-0.54)  <0.001 0.18 (0.06-0.28) 
 DIR  38.2 ± 15.7 41.6 ± 16.7* 42.9 ± 17.9◊         
 IND  40.3 ± 16.5 42.4 ± 16.9^ 43.4 ± 17.1†         
 CON  39.4 ± 17.1 39.8 ± 18.0 40.4 ± 18.9         
1RM leg press (kg)       0.84  <0.001 0.52 (0.39-0.60)  <0.001 0.29 (0.15-0.40) 
 DIR  143.5 ± 44.6 166.3 ± 46.0*# 178.7 ± 48.4◊‡         
 IND  150.7 ± 56.6 164.3 ± 62.1^ 171.6 ± 62.0†         
 CON  153.3 ± 55.6 151.1 ± 57.6 154.9 ± 56.4         
Δ, change; 1RM, one-repetition maximum; BM, body mass; CI, confidence intervals; CON, unsupervised exercise group; DIR, directly supervised exercise group; ES, effect size (partial eta 
squared); IND, indirectly supervised exercise group; (ml·kg·min-1), millilitres of oxygen consumed per kg body mass per minute; W, watts. 1RM strength measured using bench press and leg 
press protocols. V̇O2 peak measured as peak oxygen consumption during incremental cycle test. Analysis based on intention to treat; n = 28 for DIR, n = 28 for IND, n = 29 for CON. p values 
using between-within analysis of variance, bold font indicates statistical significance. * indicates interaction between DIR and CON from baseline to mid-intervention; ◊ indicates interaction 
between DIR and CON from baseline to post-intervention; ^ indicates interaction between IND and CON baseline to mid-intervention; † indicates interaction between IND and CON baseline to 
post-intervention; # indicates interaction between DIR and IND baseline to mid-intervention; ‡ indicates interaction between DIR and IND baseline to post-intervention. 
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Table 6.3: Changes to body composition, blood pressure and blood outcomes in apparently healthy university employees across exercise supervision groups from 
baseline (0 weeks) to mid- (8 weeks) to post- (16 weeks) workplace exercise intervention using intention-to-treat data. 
 Exercise supervision       
Outcome 
DIR (n = 28)  IND (n = 28)  Control (n = 29)  Group  Time  Interaction 
Δ 0-8 wks 
Mean ± SD 
Δ 8-16 wks 
Mean ± SD 
 Δ 0-8 wks 
Mean ± SD 
Δ 8-16 wks 
Mean ± SD 
 Δ 0-8 wks 
Mean ± SD 
Δ 8-16 wks 
Mean ± SD 
 
p 
 
p ES (90% CI) 
 
p ES (90% CI) 
Body composition and 
blood pressure 
          
 
  
 
  
Resting systolic BP 
(mmHg) 
0.5 ± 8.4 -4.0 ± 7.1§  -0.2 ± 6.0 -0.1 ± 5.3  -3.3 ± 5.1§ 0.6 ± 7.0  0.98 
 
0.02 0.05 (0.00-0.13) 
 
0.05 0.05 (0.00-0.14) 
Resting diastolic BP 
(mmHg) 
-2.1 ± 4.8§ -2.5 ± 3.7§  -1.1 ± 4.3 -0.3 ± 3.9  -1.5 ± 5.3 -1.1 ± 5.3ø  0.90 
 
<0.001 0.15 (0.05-0.27) 
 
0.15 0.04 (0.00-0.11) 
Body mass (kg) -0.3 ± 1.8 -0.5 ± 1.6  -0.1 ± 1.6 -0.4 ± 1.1  0.0 ± 1.2 0.0 ± 1.8  0.40  0.13 0.03 (0.00-0.10)  0.59 0.02 (0.00-0.07) 
Fat mass (kg) -1.1 ± 1.6 -0.7 ± 1.7◊‡  -0.5 ± 1.6 0.0 ± 1.1  -0.4 ± 1.0 -0.1 ± 1.5  0.29  <0.001 0.16 (0.05-0.27)  0.03 0.07 (0.00-0.15) 
Fat mass (%BM) -1.5 ± 1.9 -0.7 ± 1.9◊‡  -0.7 ± 1.6 0.0 ± 1.4  -0.5 ± 1.2 -0.2 ± 1.5  0.25  <0.001 0.21 (0.09-0.32)  <0.01 0.09 (0.01-0.18) 
Lean mass (kg) 0.9 ± 1.6 0.3 ± 1.3‡  0.4 ± 1.0 -0.3 ± 1.3  0.4 ± 1.0 0.2 ± 1.2  0.83  <0.001 0.15 (0.05-0.27)  0.03 0.07 (0.00-0.15) 
Blood outcomes                 
TC (mmol·L-1) 0.0 ± 0.5 0.0 ± 0.6  -0.3 ± 0.8 0.2 ± 0.5  -0.1 ± 0.5 -0.1 ± 0.5  0.92  0.06 0.03 (0.00-0.12)  0.38 0.03 (0.00-0.09) 
HDL-C (mmol·L-1) 0.0 ± 0.2 0.0 ± 0.3  0.1 ± 0.2 0.0 ± 0.2  0.1 ± 0.2 0.0 ± 0.2  0.59  0.18 0.02 (0.00-0.09)  0.95 0.00 (0.00-0.03) 
LDL-C (mmol·L-1) -0.1 ± 0.5 0.0 ± 0.5  -0.3 ± 0.6§ 0.2 ± 0.5  -0.2 ± 0.4§ -0.1 ± 0.4ø  0.93  <0.001 0.10 (0.02-0.21)  0.29 0.03 (0.00-0.10) 
LDL-C:HDL-C ratio -0.1 ± 0.4 0.0 ± 0.4  -0.3 ± 0.6§ 0.1 ± 0.4  -0.2 ± 0.3§ 0.0 ± 0.2ø  0.61  <0.001 0.13 (0.03-0.24)  0.35 0.03 (0.00-0.09) 
TC:HDL-C ratio -0.1 ± 0.5 0.1 ± 0.6  -0.4 ± 0.8§ 0.1 ± 0.4  -0.2 ± 0.4§ 0.0 ± 0.3ø  0.65  <0.01 0.08 (0.01-0.18)  0.15 0.04 (0.00-0.11) 
TG (mmol·L-1) 0.2 ± 0.4# 0.1 ± 0.5‡  -0.1 ± 0.4 0.0 ± 0.3  0.0 ± 0.3 0.0 ± 0.3  0.48  0.18 0.02 (0.00-0.09)  0.03 0.06 (0.00-0.15) 
Blood glucose 
(mmol·L-1) 
0.1 ± 0.3 -0.1 ± 0.3  0.2 ± 0.4 -0.2 ± 0.5  0.0 ± 0.4 0.0 ± 0.4  0.42 
 
0.23 0.02 (0.00-0.09) 
 
0.40 0.02 (0.00-0.08) 
High-sensitive CRP 
(mg·L-1) 
0.3 ± 1.0 -0.3 ± 1.6  0.3 ± 1.3 -0.1 ± 0.9  0.0 ± 0.7 -0.3 ± 1.2  0.98 
 
0.10 0.03 (0.00-0.11) 
 
0.63 0.02 (0.00-0.07) 
p values using between-within analysis of variance, bold font indicates statistical significance. ◊ indicates interaction between DIR and CON from baseline to post-intervention; # indicates 
interaction between DIR and IND baseline to mid-intervention; ‡ indicates interaction between DIR and IND baseline to post-intervention; § indicates significant time effect from baseline to mid- 
or mid- to post-intervention; ø indicates significant time effect from baseline to post-intervention. Δ, change; BP, blood pressure; CI, confidence intervals; CRP, C-reactive protein; DIR, directly 
supervised exercise group; ES, effect size (partial eta squared); HDL-C, high-density lipoprotein cholesterol; IND, indirectly supervised exercise group; LDL-C, low-density lipoprotein cholesterol; 
TC, total cholesterol; TG, triglycerides. Body composition measured using dual-energy X-ray absorptiometry. Analysis based on intention to treat; n = 28 for DIR, n = 28 for IND, n = 29 for 
CON. 
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Table 6.4: Exercise capacity outcomes of apparently healthy university employees for each exercise supervision group prior to beginning the 16-week exercise 
intervention (baseline), at the intervention midpoint (mid), and at the conclusion of the intervention (post) using per-protocol data. 
   Time point  Group  Time  Interaction 
Outcome 
Exercise 
supervision 
 Baseline 
(0-weeks) 
Mean ± SD 
Mid 
(8-weeks) 
Mean ± SD 
Post  
(16-weeks) 
Mean ± SD 
 p 
 
p ES (90% CI) 
 
p ES (90% CI) 
V̇O2 peak, absolute (L·min-1)       0.97  <0.001 0.37 (0.22-0.47)  0.03 0.07 (0.00-0.16) 
 DIR  2.2 ± 0.6 2.4 ± 0.6 2.4 ± 0.7◊         
 IND  2.3 ± 0.6 2.4 ± 0.6 2.5 ± 0.6         
 CON  2.3 ± 0.7 2.4 ± 0.7 2.4 ± 0.8         
V̇O2 peak, relative to BM 
(ml·kg·min-1) 
 
 
    0.42 
 
<0.001 0.36 (0.21-0.46) 
 
0.05 0.08 (0.00-0.16) 
 DIR  31.0 ± 7.7 33.5 ± 7.9* 34.2 ± 8.9◊         
 IND  29.2 ± 6.1 31.0 ± 6.2 31.8 ± 6.6         
 CON  30.1 ± 7.0 31.1 ± 6.5 31.0 ± 7.5         
Power output at V̇O2 peak (W)       0.98  <0.001 0.35 (0.20-0.45)  <0.01 0.13 (0.03-0.23) 
 DIR  161 ± 42 178 ± 48* 184 ± 53◊         
 IND  163 ± 49 176 ± 49 180 ± 52†         
 CON  169 ± 52 172 ± 52 173 ± 56         
1RM bench press (kg)       0.58  <0.001 0.48 (0.30-0.54)  <0.01 0.13 (0.03-0.23) 
 DIR  36.4 ± 14.9 39.7 ± 16.1* 41.1 ± 17.4◊         
 IND  42.0 ± 16.4 44.3 ± 16.7^ 45.4 ± 16.7†         
 CON  41.9 ± 18.3 42.6 ± 19.1 43.4 ± 20.1         
1RM leg press (kg)       0.81  <0.001 0.54 (0.39-0.60)  <0.001 0.27 (0.14-0.38) 
 DIR  143.5 ± 44.6 166.3 ± 46.0*# 178.7 ± 48.4◊         
 IND  159.4 ± 55.1 174.8 ± 59.4^ 183.3 ± 57.6†         
 CON  163.3 ± 57.7 164.4 ± 60.8 169.4 ± 60.8         
Δ, change; 1RM, one-repetition maximum; BM, body mass; CI, confidence intervals; CON, unsupervised exercise group; DIR, directly supervised exercise group; ES, effect size (partial eta 
squared); IND, indirectly supervised exercise group; (ml·kg·min-1), millilitres of oxygen consumed per kg body mass per minute; W, watts. 1RM strength measured using bench press and leg 
press protocols. V̇O2 peak measured as peak oxygen consumption during incremental cycle test. Analysis based on per-protocol; n = 28 for DIR, n = 24 for IND, n = 26 for CON. p values using 
between-within analysis of variance, bold font indicates statistical significance. * indicates interaction between DIR and CON from baseline to mid-intervention; ◊ indicates interaction between 
DIR and CON from baseline to post-intervention; ^ indicates interaction between IND and CON baseline to mid-intervention; † indicates interaction between IND and CON baseline to post-
intervention; # indicates interaction between DIR and IND baseline to mid-intervention; ‡ indicates interaction between DIR and IND baseline to post-intervention. 
 
 
 
 
2
0
4
 
Table 6.5 Changes to body composition, blood pressure and blood outcomes in apparently healthy university employees across exercise supervision groups from 
baseline (0 weeks) to mid- (8 weeks) to post- (16 weeks) workplace exercise intervention using per-protocol data. 
 Exercise supervision       
Outcome 
DIR (n = 28)  IND (n = 24)  Control (n = 26)  Group  Time  Interaction 
Δ 0-8 wks 
Mean ± SD 
Δ 8-16 wks 
Mean ± SD 
 Δ 0-8 wks 
Mean ± SD 
Δ 8-16 wks 
Mean ± SD 
 Δ 0-8 wks 
Mean ± SD 
Δ 8-16 wks 
Mean ± SD 
 
p 
 
p ES (90% CI) 
 
p ES (90% CI) 
Body composition and 
blood pressure 
          
 
  
 
  
Resting systolic BP 
(mmHg) 
0.5 ± 8.4 -4.0 ± 7.1§  0.1 ± 6.3 -0.1 ± 5.7  -3.8 ± 5.0§ 0.8 ± 7.3  0.99 
 
<0.05 0.04 (0.00-0.11) 
 
<0.05 0.07 (0.01-0.17) 
Resting diastolic BP 
(mmHg) 
-2.1 ± 4.8§ -2.5 ± 3.7§  -0.9 ± 4.3 -0.3 ± 4.2  -2.2 ± 4.5 -0.9 ± 5.5ø  0.93 
 
<0.001 0.17 (0.05-0.28) 
 
0.08 0.06 (0.00-0.14) 
Body mass (kg) -0.3 ± 1.8 -0.5 ± 1.6  -0.1 ± 1.7 -0.4 ± 1.2  0.1 ± 1.2 0.1 ± 1.8  0.27  0.21 0.02 (0.00-0.09)  0.52 0.02 (0.00-0.07) 
Fat mass (kg) -1.1 ± 1.6 -0.7 ± 1.7  -0.6 ± 1.8 0.0 ± 1.2  -0.4 ± 1.1 -0.2 ± 1.6  0.17  <0.001 0.16 (0.05-0.27)  0.08 0.06 (0.00-0.14) 
Fat mass (%BM) -1.5 ± 1.9 -0.7 ± 1.9◊‡  -0.8 ± 1.7 0.0 ± 1.5  -0.6 ± 1.3 -0.2 ± 1.5  0.20  <0.001 0.22 (0.10-0.33)  <0.05 0.07 (0.01-0.16) 
Lean mass (kg) 0.9 ± 1.6 0.3 ± 1.3‡  0.5 ± 1.1 -0.3 ± 1.4  0.5 ± 1.0 0.3 ± 1.2  0.64  <0.001 0.18 (0.07-0.29)  0.06 0.06 (0.00-0.14) 
Blood outcomes                 
TC (mmol·L-1) 0.0 ± 0.5 0.0 ± 0.6  -0.4 ± 0.8§ 0.2 ± 0.5  -0.1 ± 0.5 -0.1 ± 0.6  0.90  <0.05 0.05 (0.00-0.14)  0.27 0.03 (0.00-0.09) 
HDL-C (mmol·L-1) 0.0 ± 0.2 0.0 ± 0.3  0.0 ± 0.2 0.0 ± 0.2  0.1 ± 0.2 0.0 ± 0.2  0.60  0.26 0.02 (0.00-0.09)  0.96 0.00 (0.00-0.03) 
LDL-C (mmol·L-1) -0.1 ± 0.5 0.0 ± 0.5  -0.4 ± 0.6§ 0.2 ± 0.5  -0.2 ± 0.4§ -0.1 ± 0.4ø  0.91  <0.001 0.12 (0.02-0.23)  0.26 0.04 (0.00-0.11) 
LDL-C:HDL-C ratio -0.1 ± 0.4 0.0 ± 0.4  -0.4 ± 0.7§ 0.1 ± 0.4  -0.2 ± 0.3§ 0.0 ± 0.2ø  0.55  <0.001 0.15 (0.05-0.27)  0.26 0.04 (0.00-0.10) 
TC:HDL-C ratio -0.1 ± 0.5 0.1 ± 0.6  -0.4 ± 0.8§ 0.1 ± 0.4  -0.2 ± 0.4§ 0.0 ± 0.3ø  0.61  <0.01 0.09 (0.01-0.18)  0.11 0.05 (0.00-0.13) 
TG (mmol·L-1) 0.2 ± 0.4# 0.1 ± 0.5‡  -0.1 ± 0.4 0.0 ± 0.4  0.1 ± 0.3 0.1 ± 0.3  0.46  0.30 0.02 (0.00-0.09)  <0.05 0.07 (0.01-0.16) 
Blood glucose 
(mmol·L-1) 
0.1 ± 0.3 -0.1 ± 0.3  0.2 ± 0.4 -0.2 ± 0.5  0.0 ± 0.4 0.0 ± 0.4  0.39 
 
0.34 0.02 (0.00-0.09) 
 
0.31 0.03 (0.00-0.09) 
High-sensitive CRP 
(mg·L-1) 
0.3 ± 1.0 -0.3 ± 1.6  0.4 ± 1.4 -0.1 ± 1.0  0.0 ± 0.7 -0.3 ± 1.2  0.62 
 
0.12 0.03 (0.00-0.11) 
 
0.74 0.01 (0.00-0.06) 
p values using between-within analysis of variance, bold font indicates statistical significance. ◊ indicates interaction between DIR and CON from baseline to post-intervention; # indicates 
interaction between DIR and IND baseline to mid-intervention; ‡ indicates interaction between DIR and IND baseline to post-intervention; § indicates significant time effect from baseline to mid- 
or mid- to post-intervention; ø indicates significant time effect from baseline to post-intervention. Δ, change; BP, blood pressure; CI, confidence intervals; CRP, C-reactive protein; DIR, directly 
supervised exercise group; ES, effect size (partial eta squared); HDL-C, high-density lipoprotein cholesterol; IND, indirectly supervised exercise group; LDL-C, low-density lipoprotein cholesterol; 
TC, total cholesterol; TG, triglycerides. Body composition measured using dual-energy X-ray absorptiometry. Analysis based on per-protocol; n = 28 for DIR, n = 24 for IND, n = 26 for CON.
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6.5 Discussion 
Direct (DIR; 1:1) exercise supervision in the workplace achieved significantly greater increases to 
employee CRF compared to unsupervised exercise (control; CON), with no significant differences in 
the change to CRF between indirect (IND; standard) exercise supervision and the CON group. 
Furthermore, the DIR group achieved a superior increase to lower body strength and a greater 
reduction to fat mass compared to both the IND and CON groups, and a greater increase in lean mass 
compared to the IND group, possibly due to the higher exercise adherence and greater total aerobic 
and resistance training volume completed by the directly supervised participants.  
 
Reductions to all-cause mortality risk in the order of 8% to 14% have been observed from 1 MET 
(3.5 ml·kg·min-1) increases to peak CRF [37]. The 22 participants who achieved this clinically 
meaningful CRF increase in the current study attended a mean ± SD 2.1 ± 0.7 exercise sessions per 
week, confirming the weekly attendance requirement identified in Chapter 4 and that identified in 
previous research [192] to stimulate significant aerobic capacity improvements in a workplace 
exercise program. Comparable increases to V̇O2 peak have been observed in a similar demographic 
of inactive UK university employees who performed twice-weekly aerobic exercise training for 10 
weeks [192]. A previous meta-analysis indicates that peak CRF above 7.9 METS (27.7 ml·kg·min-1) 
in middle-aged adults may be a significant preventer of all-cause mortality, cardiovascular and 
coronary heart disease, with greater risk reductions for higher CRF levels (≥ 38.2 ml·kg·min-1) [260]. 
The proportion of participants with a peak CRF above 27.7 ml·kg·min-1 increased from 57% to 68% 
for the DIR group, 50% to 64% for the IND group, and 62% to 64% for the CON group over the 16-
week intervention. Furthermore, the proportion of participants with a peak CRF ≥ 38.2 ml·kg·min-1 
[260] increased from 14% to 29% for the DIR group, 11% to 21% for the IND group, and 10% to 
14% for the CON group. As well as achieving the greatest improvements to CRF and muscular 
strength, the DIR group had the highest mean V̇O2 peak levels (mean ± SD 34.2 ± 8.9 ml·kg·min-1) 
after the 16 weeks, and thus, a lower all-cause and cardiovascular risk [235] given the equivalent 
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scores between groups for traditional cardiovascular risk factors including blood pressure, blood lipid 
profile, triglycerides, fasting blood glucose and systemic inflammation. 
 
While larger increases to upper and lower body strength were observed for the IND compared to the 
CON group, improvements were greatest in the directly supervised group. Similarly, Gentil and 
Bottaro [170] detected larger strength improvements in untrained young men after 11 weeks of 
resistance training when the exercise supervision ratio was lower (1:5 vs. 1:25 supervisor:participant 
ratio). Session attendance and training volume were similar between groups in the Gentil and Bottaro 
[170] intervention and although evidence was not presented in their paper, the authors suggest that 
the differences to strength gains may be explained by a more frequent use of maximum repetitions 
by the more highly supervised group [170]. In the present study however, the superior strength 
improvements for the DIR group are likely explained by the greater exercise adherence and total 
resistance training volume performed compared to the IND and CON groups. The importance of these 
muscular strength gains must not be understated, given that strength is a cardiovascular [69] and 
mortality [5, 72] risk factor independent of CRF. The increase to lean mass and reduction to fat mass 
for the DIR group is crucial given the incidence of sarcopenia in an ageing global population and the 
significant associations between sarcopenic obesity and chronic disease [73]. Furthermore, CVD risk 
reduction is heightened when increases to CRF are combined with reductions to fat mass [62], and 
thus direct exercise supervision is likely to be a more effective chronic disease prevention strategy 
compared to indirectly or unsupervised exercise over a 16-week intervention in the workplace. 
 
Reductions to LDL-C levels were observed in the first eight weeks for the IND and CON participants, 
while TG, fasting blood glucose and high-sensitive CRP remained within normal ranges. However, 
LDL-C returned almost to baseline level by the end of the 16-week intervention for the IND 
participants. The lack of significant changes in other blood markers may be attributed to several 
factors. Firstly, baseline levels were within normal ranges for all but TC (elevated by 0.1-0.2 mmol·L-
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1) and LDL-C (elevated by 0.6-0.7 mmol·L-1) [36, 261]. Secondly, no dietary advice was provided to 
participants, and thirdly, the exercise training alone was unlikely to stimulate changes in blood lipid 
profile in this metabolically healthy population [261].  
 
Directly supervised participants adhered most closely to the prescription of a minimum two exercise 
sessions per week, attending a mean ± SD 1.9 ± 1.1 compared to 1.4 ± 1.0 and 1.1 ± 1.2 sessions per 
week for the IND and CON groups respectively. It is possible that participants in the DIR group built 
a positive rapport with their individual exercise instructors which facilitated their attendance, and/or 
their higher initial attendance increased their exercise self-efficacy [223]. More frequent exercise 
participation has been shown to increase exercise self-efficacy which in turn facilitates ongoing 
participation, and may explain the higher exercise adherence of the directly supervised participants 
over the intervention [10, 222]. The higher adherence and exercise training volume performed by the 
DIR group also likely explains the greater exercise-induced changes to body composition and fitness 
[256]. Of interest for future research is whether the adherence and training volume achieved by 
directly supervised participants in a workplace exercise program are maintained if personal 
supervision is gradually withdrawn to promote independent exercise behaviour. For example, direct 
exercise supervision could be transitioned over time to the lower-cost standard exercise supervision 
provided to the IND participants in the current study. This progression would be of financial interest 
from an employer’s perspective, however whether exercise behaviour and the subsequent health and 
fitness benefits are maintained during such a transition remains to be investigated. 
 
This study was conducted at a university workplace using onsite fitness facilities for the DIR and 
IND groups, and therefore the findings may not be generalisable to other workplace settings without 
similar access or in different demographic populations. However, office-based workplaces usually 
have access to nearby fitness facilities and work demands that restrict available time are likely to be 
a more frequent barrier to exercise than facility access [222]. The overall low combined withdrawal 
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and drop-out rate (8%; none from the DIR group), separate training times to reduce contamination 
between groups, and investigation of the different types of exercise supervision on employee health 
and fitness without the potential confounder of concurrent dietary advice are strengths of this study 
[171].  
 
6.6 Conclusions 
In a 16-week workplace exercise intervention involving apparently healthy university employees, 
direct exercise supervision achieved greater exercise adherence, training load and improvements to 
muscular strength and body composition than standard gym or unsupervised exercise. Improvement 
to CRF was comparable between directly and indirectly supervised exercise groups. Future research 
should investigate potential mechanisms behind the greater exercise adherence and health and fitness 
effects of directly supervised exercise in the workplace, such as potential differences in employee 
exercise self-efficacy. Of further interest is whether differences between varying levels of exercise 
supervision continue beyond 16 weeks, and whether a gradual reduction in exercise supervision could 
promote independent ongoing exercise behaviour that sustains health and fitness benefits.   
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7 General Conclusions 
The studies in this thesis investigated the effectiveness of different types of exercise supervision to 
improve employee health, fitness and physical activity participation in a university workplace setting. 
Aerobic and resistance exercise was prescribed in accordance with ACSM guidelines [36] for healthy 
adults. Since physical inactivity is a leading preventable cause of global morbidity and mortality, 
workplace exercise programs have been endorsed by the WHO as a strategy to reduce chronic disease 
risk [173]. Considering the overall small to moderate effects observed from workplace health 
promotion and physical activity programs to date, the intention of this series of studies was to 
ascertain the current physical activity participation and perceived barriers and facilitators to 
workplace exercise of university employees, and to investigate and compare the effect of different 
types of exercise supervision (direct, indirect and no supervision) on adherence, health, fitness and 
ongoing physical activity participation. The information can be used to inform the design of future 
workplace exercise programs aiming to reduce chronic disease risk factors including physical 
inactivity, poor CRF, low muscular strength, overweight and obesity. 
 
Despite the superior exercise adherence, fitness and cardiometabolic health effects previously 
demonstrated from supervised as opposed to unsupervised exercise in apparently healthy [18] and 
clinical populations [14, 15, 27, 29], research into different types of exercise supervision in a 
workplace setting is currently limited to musculoskeletal outcomes such as neck and shoulder pain 
[168, 172, 252]. Given the limited effects of previous workplace physical activity interventions to 
improve employee health [43], fitness [16] and physical activity [13, 44], strategies such as providing 
ongoing direct exercise supervision and instruction warrant investigation. As a setting, the workplace 
presents a scalable opportunity for health promotion offering the ability to reach a large number of 
adults, who with the advancement in modern technology, spend an increasing amount of time engaged 
in sedentary behaviour (i.e. sitting) [174]. 
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Overall, from the review and series of studies conducted in this thesis the following conclusions were 
drawn: 
 The results from the systematic review suggest that moderate- to high/vigorous-intensity 
exercise appears to be most effective for improving employee CRF, muscular strength, central 
body fat and blood lipid profile, while interventions of at least six months in duration appear 
to be most effective for improvements to body composition (BMI, whole-body fat mass) and 
cardiometabolic (blood pressure, blood lipids, insulin, glucose and CRP) outcomes. 
 
 Based on the current literature, the strength of the evidence is moderate for workplace exercise 
programs to increase employee CRF and muscular strength, high for improvements to central 
body fat when using waist circumference but not DXA, low for improvements to body mass, 
blood pressure, insulin, fasting glucose and C-reactive protein, and very low for increases to 
physical activity, reductions to whole body fat, body mass index and improvements to blood 
lipids. 
 
 A substantial proportion (one-third) of university employees reported not meeting the 
advocated physical activity targets over the long-term (i.e. six months). Additionally, the 
strongest barrier domain to workplace exercise participation was a perceived lack of time and 
motivation, with 52% of participants somewhat or strongly agreeing that their job demands 
do not allow them time to use the onsite fitness centre. For both the overall sample of 
employees and the inactive employees alone, having a personal trainer for direct supervision 
and instruction was the most preferred form of assistance if they were to take up exercise or 
exercise more, while walking, gym (fitness centre), swimming and cycling were identified as 
the most preferred modes of exercise. 
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 After an 8-week intervention, both direct (1:1) and indirect (standard gym, control) workplace 
exercise supervision and instruction conferred equivalent beneficial improvements to the 
cardiometabolic risk factors CRF and muscular strength, with similar exercise session 
attendance and training volume. Physical activity participation following the supervised 8-
week exercise program was not maintained at 15-month follow-up and participants reverted 
back to their pre-intervention physical activity participation. Baseline CRF was significantly 
associated with baseline physical activity level, and both baseline muscular strength and CRF 
were significant predictors of total physical activity participation at the 15-month follow-up. 
Of these outcomes, CRF had the strongest association. These findings suggest that adults with 
higher levels of cardiorespiratory and muscular fitness are more likely to maintain physical 
activity participation in the long-term. Therefore, workplace exercise interventions may 
benefit from establishing specific CRF and strength targets for employees to reach, 
particularly inactive employees, in order to promote ongoing physical activity participation. 
These targets may be best established (and reached) during a supervised period whereby 
inactive employees have more support and where they are likely to achieve a higher 
attendance based on the findings of the 16-week intervention. 
 
 Directly supervised exercise achieved the highest overall attendance throughout the 16-week 
intervention compared with indirectly supervised (standard gym) and unsupervised exercise. 
Participants who achieved a clinically meaningful improvement to V̇O2 max (≥ 3.5 
ml·kg·min-1) attended an average of 2.0 and 2.1 exercise sessions per week during the 8-week 
and 16-week interventions respectively. 
 
 Improvements to lower body strength and reductions to whole-body fat mass were greater for 
those directly supervised compared to either indirectly or unsupervised exercise after 16 
weeks. Improvements to CRF and upper body strength were also better with directly 
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supervised compared to unsupervised exercise, but not different to indirectly supervised 
exercise. These findings were likely mediated by the higher overall attendance, aerobic and 
resistance training load performed by directly supervised participants throughout the 16-week 
intervention, as opposed to the similar attendance and training loads observed between 
directly and indirectly supervised groups in the earlier 8-week intervention. The higher 
attendance of the directly supervised participants compared to the indirectly and unsupervised 
participants was most pronounced in weeks 9-16, suggesting that 8 weeks may not be long 
enough for differences in attendance (and training load) to be observed between groups or the 
benefits of direct supervision to be seen.  
 
 The lack of significant changes to blood pressure and other blood outcomes during the 16-
week intervention is likely due to the population being metabolically healthy at the start of 
the intervention, the fact that no dietary advice was given during the study, and/or because a 
longer intervention period may be required to stimulate these changes. 
 
 More frequent exercise session attendance conferred additional improvements to CRF, 
muscular strength and body composition during the 16-week intervention which was achieved 
with direct supervision. Directly supervised participants may have developed a higher 
exercise self-efficacy as a consequence of the 1:1 instruction, in turn leading to a higher 
attendance throughout the intervention, although further research is required. 
 
 Based on the findings from the systematic review and series of studies conducted throughout 
this thesis, there is good evidence that workplace exercise programs can improve employee 
CRF and muscular strength when exercise of at least moderate- to high/vigorous-intensity is 
prescribed. However, evidence is weaker for improvements to body composition, blood 
pressure, blood outcomes and ongoing physical activity participation. Providing direct 
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exercise supervision and instruction in the workplace may achieve higher exercise adherence 
and confer greater health and fitness benefits compared to indirectly or unsupervised exercise 
in the longer term.  
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7.1 Limitations and Delimitations 
Limitations and delimitations of this series of studies include: 
 The university-wide survey had a low overall response rate of ≈ 4.0% and included only 12 
Vietnam-based employees. However, the total number of participants (n = 299) was 
comparable to another recent university survey study (n = 308; response rate 8.5%) [135] and 
a strength of the study was that comparisons could be made between different locations 
nationally and internationally. It is also possible that selection bias may have occurred 
whereby more active employees were more inclined to take part in the physical activity 
survey, thus contributing to the higher than average prevalence of participants reporting the 
attainment of recommended physical activity targets. 
 
 While self-report measures of physical activity participation are prone to measurement error 
[209], the IPAQ is a commonly used measure of physical activity around the world, allowing 
comparisons to be made across studies and with other population groups. The IPAQ has 
shown acceptable reliability and validity [225]. 
 
 A submaximal graded exercise test was used to predict V̇O2 max in the 8-week intervention, 
however, we can be confident that the increases to CRF observed were reflective of actual 
fitness improvements given that training load and therefore exercise capacity increased over 
the 8-week intervention period. Additionally, the use of gold standard testing implemented 
during the 16-week intervention (V̇O2 peak using indirect calorimetry, body composition 
using DXA, maximum strength using 1RM) ensures data are reliable and valid and can be 
compared to other studies involving similar assessment techniques, and compared with the 
outcomes from the 8-week intervention. 
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 Participants in the directly and indirectly supervised exercise groups during the 8-week 
intervention shared the same training venue and had the same access times which may have 
caused some ‘contamination’ between groups. Additionally, a short intervention period of 
eight weeks was used and a non-exercise group was not used as the comparison group. 
However, during the 16-week intervention separate training times were scheduled for directly 
and indirectly supervised exercise groups to ensure the type of supervision received was 
isolated to each group. 
 
 Not all of the 46 participants who completed the 8-week intervention responded to the 15-
month follow-up survey (n = 34). However, the response rate of 74% was similar to that of 
another study that reported a response rate of 79%, 12 months after a 12-month supervised 
exercise intervention involving post-menopausal women [262]. 
 
 Of the 85 participants in the 16-week intervention, 24 had previously completed the 8-week 
exercise intervention. However, 16 months between interventions ensured adequate washout 
time for those participating in both studies. Results from the 15-month follow-up survey to 
the 8-week intervention show that participants had returned to their usual (pre-intervention) 
levels of physical activity participation with 59%, 82% and 59% of participants reportedly 
meeting physical activity guidelines at baseline, after the 8-week intervention and at 15-month 
follow-up respectively. 
 
 Participants were able to choose when they exercised including before, during (lunch break) 
and after work, therefore comparisons cannot be made as to whether the availability of an 
exercise facility during paid working hours achieves greater attendance in comparison to 
access during non-working time only, a finding that has previously been observed in the 
literature [16]. 
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 As the 16-week and the 8-week interventions were both conducted in a university workplace 
setting with onsite testing and training facilities, the results may not be generalisable to other 
workplace settings without similar access. However, it is not uncommon for exercise training 
facilities to be located within walking distance of many office buildings involving population 
groups of similar demographics. 
 
 The studies in this thesis investigated the effects of workplace exercise interventions on 
physical health, and did not explore effects on psychological wellbeing. 
 
 Only studies that involved prescribed aerobic and/or resistance exercise were included in the 
systematic review and meta-analysis. Population-based physical activity studies (e.g. 
pedometer interventions) were not included as they do not prescribe individualised exercise 
for participants. 
 
7.2 Recommendations 
At the conclusion of these studies, several directions for future research are recommended: 
 A lack of time and motivation, internal and external barrier domains were each negatively 
associated with physical activity participation in this university employee cohort and future 
workplace exercise interventions should consider strategies such as individually-tailored 
training programs with personal supervision to facilitate engagement. 
 
 Whilst participation in vigorous-intensity physical activity increased in university employees 
after undertaking an 8-week workplace exercise intervention, the increase was not maintained 
at 15-month follow-up. Future research should consider investigating factors such as 
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intervention duration and the provision of ongoing supervision or support following an 
intervention period. For example, regular follow-up appointments within the workplace or 
prompts using technology to sustain changes to overall physical activity and exercise 
behaviour in the long-term. 
 
 Exercise session attendance rates were similar between directly (1:1) and indirectly (standard 
gym) supervised exercise groups over eight weeks. However, when separate onsite training 
times were allocated and the intervention was extended to 16 weeks, direct exercise 
supervision and instruction achieved greater adherence to the prescribed twice-weekly aerobic 
and resistance training than both the indirect and unsupervised groups. Future research could 
also include qualitative measures such as exercise self-efficacy or other psychological factors 
to better understand the reasons underlying the higher adherence of directly supervised 
exercise in the workplace. 
 
 Onsite exercise supervision (both direct and indirect) was important for improving employee 
CRF and muscular strength. Direct exercise supervision had the additional beneficial effects 
of greater improvements to lower body strength, lean mass and reductions in fat mass over 16 
weeks. Whether this level of supervision (i.e. 1:1) is required over the long-term to maintain 
regular moderate-vigorous exercise participation and the observed health and fitness 
improvements is unknown, and future research could investigate strategies such as a gradual 
decrease to supervision quantity over time on health and fitness outcomes. 
 
In summary, while previous workplace exercise interventions have achieved small to moderate 
beneficial effects to employee health and fitness with attrition and adherence as limiting factors, this 
thesis provides evidence for the effectiveness of exercise supervision, and specifically, direct (1:1) 
exercise supervision in the workplace to improve the fitness and cardiometabolic health of university 
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employees. The characteristics of previous workplace exercise interventions identified in the 
systematic review and the relationships observed between physical activity participation and 
perceived barriers and facilitators to workplace exercise participation in study one were used to design 
the subsequent intervention and follow-up studies. These studies address a significant gap in the 
literature where the direct comparative effects of different types of exercise supervision in the 
workplace on employee health, fitness and physical activity participation were unknown.  
 
Despite the greater fitness and health effects achieved by providing direct exercise supervision and 
instruction in the workplace in comparison to indirectly or unsupervised exercise, mean attendance 
was below two exercise sessions per week and short-term increases to physical activity participation 
were not maintained over the long term. Therefore, while direct supervision and instruction may 
improve initial exercise participation and related health, there is a need to identify other factors that 
may contribute to sustained exercise participation and improvement to health outcomes. 
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Hunter JR, Lythgo N, Gordon BA, Benson AC. Type of supervision does not affect attendance or 
physical fitness in an 8-week workplace exercise intervention. Sports Medicine Australia ‘Be 
Active’ National Physical Activity Conference. Canberra, Australia. October 15th-18th, 2014. 
 
 
Type of supervision does not affect attendance or physical fitness in an 8-week workplace 
exercise intervention 
 
Introduction: Low cardiorespiratory fitness (CRF) and muscular strength are significant metabolic, 
cardiovascular and mortality risk factors. The workplace has become a key setting for physical 
activity promotion; however attrition rates up to 75% in workplace exercise interventions have been 
reported. Therefore, this study investigated the effect of providing different types of supervision in a 
university workplace exercise intervention on attendance and fitness levels. 
Methods: This pilot randomised controlled trial allocated 46 university staff (mean ± SD; 37 female; 
aged 42.5 ± 11 yrs; BMI 25.7 ± 4.0 kg·m-2; waist circumference 84.7 ± 12.7 cm) to either 1:1 
supervised (SUP; n = 22) or indirectly supervised (IND; n = 24) exercise groups. The 1:1 SUP group 
received individual supervision each exercise session, while the IND group received supervision for 
safety only, with assistance provided if requested or required. Each participant completed an 8-week 
individually tailored moderate-to-high intensity aerobic and resistance exercise program at an onsite 
gymnasium, based on American College of Sports Medicine guidelines. Participants were required 
to attend at least once a week but had the opportunity to complete up to five training sessions per 
week. Total attendance (total number of exercise sessions performed), total aerobic training volume 
(MET·min), and total resistance training load (sets x reps x weight) were calculated. 
Cardiorespiratory fitness was predicted using a progressive sub-maximal cycle test (Monark 828E, 
Sweden), while maximal knee flexion and extension strength were measured at 60 degrees·sec-1 with 
a Biodex (Biodex Medical Systems, USA) before and after the intervention. 
Results: Independent sample t-tests found no significant differences between groups for age, BMI, 
waist circumference, CRF or muscle strength prior to the intervention (p>0.05); nor any significant 
differences between groups for total attendance (p=0.94), total aerobic volume (MET·min) 
completed (p=0.73) or total resistance load completed (p=0.88) over the 8-week intervention. One-
way repeated measures ANOVA revealed significant improvements in CRF (p<0.001), absolute and 
relative knee flexion strength (p<0.05) as well as absolute and relative knee extension strength 
(p<0.01). No between-group differences were found for any variable. 
Discussion: This study found that CRF and lower body strength improved with a short workplace 
exercise intervention, irrespective of the type of supervision. The supervision type did not affect 
exercise session attendance, or exercise dose completed. Therefore, providing 1:1 exercise 
supervision was not more advantageous than indirect supervision for CRF or muscular strength in a 
university workplace exercise intervention.  
 
Mr Jayden Hunter1, Associate Professor Noel Lythgo1, Dr Brett Gordon2, Dr Amanda Benson1. 
1Discipline of Exercise Sciences, School of Health and Biomedical Sciences, RMIT University, 
Victoria, Australia. 
 2Discipline of Exercise Physiology, La Trobe Rural Health School, La Trobe University, Victoria, 
Australia. 
 
jayden.hunter@rmit.edu.au; noel.lythgo@rmit.edu.au; b.gordon@latrobe.edu.au; 
amanda.benson@rmit.edu.au   
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Hunter J, Gordon B, Lythgo N, Bird S, Benson A. Direct versus indirect exercise supervision in 
the workplace: similar physiological benefits over an 8-week randomised controlled trial. Exercise 
and Sports Science Australia ‘Research to Practice 2016’ Conference. Melbourne, Australia. April 
14th-16th, 2016. 
 
 
Direct versus indirect exercise supervision in the workplace: similar physiological benefits 
over an 8-week randomised controlled trial 
 
Introduction: Low cardiorespiratory fitness (CRF) and muscular strength are metabolic, 
cardiovascular and mortality risk factors, which exercise can positively modify. This study compared 
the effect of direct and indirect exercise supervision on attendance, training load and fitness. 
Methods: Forty-six university staff (mean±SD; 37 female; aged 42.5±11 years; BMI 25.7±4.0 kg/m-
2; waist circumference 84.7±12.7 cm) were randomised to either 1:1 individual supervision (SUP; n 
= 22) or indirect supervision (IND; n = 24; standard gym supervision) exercise groups for an onsite 
8-week individually tailored, moderate-to-high intensity aerobic and resistance exercise program. 
Participants were required to complete a minimum of one training session per week. Total attendance 
(total number of exercise sessions completed), aerobic training volume (MET-min), and resistance 
training load (sets x reps x weight) were calculated. CRF was predicted using a progressive sub-
maximal cycle test. Maximal grip strength (digital handheld dynamometer) and maximal knee flexion 
and extension strength (Biodex at 60 degrees/sec) were measured before and after the intervention. 
Results: Independent sample t-tests found no significant differences between SUP and IND for total 
attendance (13.0 vs 12.8 sessions; p=0.94), total aerobic training volume (1610 vs 1487 MET-min; 
p=0.73) or total resistance training load (35858 kg vs 34659 kg; p=0.88). One-way repeated measures 
ANOVA revealed significant improvements in CRF (+1.9 ml/kg/min; p<0.001), absolute (+5.6 Nm; 
p<0.001) and relative knee flexion (+7.4% Nm/kg; p<0.001) and relative knee extension (+7.4% 
Nm/kg; p=0.002) strength, and relative grip strength (+0.03 kg/kg body mass; p<0.05). 
Discussion: An 8-week university workplace exercise intervention found individual supervision 
provided no additional attendance or physiological benefits compared to standard gym supervision. 
 
Mr Jayden Hunter1, Dr Brett Gordon2, Associate Professor Noel Lythgo1, Professor Stephen Bird1, 
Dr Amanda Benson1. 
1Discipline of Exercise Sciences, School of Health and Biomedical Sciences, RMIT University, 
Victoria, Australia. 
 2Discipline of Exercise Physiology, La Trobe Rural Health School, La Trobe University, Victoria, 
Australia. 
 
jayden.hunter@rmit.edu.au; b.gordon@latrobe.edu.au; noel.lythgo@rmit.edu.au; 
stephen.bird@rmit.edu.au; amanda.benson@rmit.edu.au  
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Hunter J, Gordon B, Bird S, Benson A. The impact of workplace exercise interventions on health, 
fitness and physical activity: a systematic review. World Congress on Active Ageing. Melbourne, 
Australia. June 28th-July 1st, 2016. 
 
 
The impact of workplace exercise interventions on health, fitness and physical activity: a 
systematic review 
 
Introduction: Physical inactivity and low fitness are lifestyle-related chronic disease risk factors; the 
prevalence of which increases with age. A significant proportion of adults work, and health promotion 
initiatives such as workplace exercise programs, where onsite facilities and expertise are provided, 
may alleviate time and equipment barriers to exercise participation. This systematic review sought to 
determine the effectiveness of workplace exercise programs for improving chronic disease risk and 
to identify the characteristics of interventions that provide the greatest stimulus for change. 
Methods: CINAHL, EMBASE, AMED, SCOPUS and SPORTDiscus databases were searched from 
inception to November 2015 using the search terms ‘exercise’, ‘physical activity’, ‘aerobic training’, 
‘resistance training’, ‘circuit training’, ‘workplace’, ‘worksite’, ‘employee’ and ‘intervention’. 
Studies that involved adult employees, prescribed exercise in the workplace and measured at least 
one physical activity (accelerometer, pedometer or self-report) or physical fitness (cardiorespiratory 
fitness or muscular strength) outcome were eligible. Secondary outcomes included anthropometric 
and metabolic measures. In total, 37 studies (23 RCT’s; 7 quasi-experimental CT’s; 7 uncontrolled 
trials) were included. The strength of evidence for each outcome were assessed using the GRADE 
system. 
Results: Improvements in muscular strength (10/13 studies; moderate strength of evidence), 
cardiorespiratory fitness (20/31; moderate) and central body fat (7/10; high) were identified. Changes 
in body mass (14/23; low), blood lipid profile (9/15; very low), whole body fat (12/21; very low), 
physical activity (6/11; very low), BMI (7/15; very low), insulin, glucose or C-reactive protein (4/9; 
very low), and blood pressure (6/25; low) were not conclusive. High attrition rates (>60%) were 
associated with interventions ≥6-months.  
Conclusion: Exercise of at least moderate intensity appears to have the greatest effect on health and 
fitness outcomes, while interventions ≥6-months might be more suitable for changing anthropometric 
and metabolic measures, although have higher attrition rates. Exercise intensity and intervention 
duration are therefore important considerations when prescribing to reduce employee chronic disease 
risk factors in the workplace setting. It is unclear if providing direct exercise supervision can minimise 
attrition; however it warrants investigation. 
 
Mr Jayden Hunter1, Dr Brett Gordon2, Professor Stephen Bird1, Dr Amanda Benson1. 
1Discipline of Exercise Sciences, School of Health and Biomedical Sciences, RMIT University, 
Victoria, Australia. 
 2Discipline of Exercise Physiology, La Trobe Rural Health School, La Trobe University, Victoria, 
Australia. 
 
jayden.hunter@rmit.edu.au; b.gordon@latrobe.edu.au; stephen.bird@rmit.edu.au; 
amanda.benson@rmit.edu.au  
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Study 1: Differences in perceived barriers and facilitators to workplace exercise participation 
of university employees reporting low, moderate and high physical activity participation. 
 
27th November 2014 
 
Amanda Benson 
Building 203 Level 3, Room 2 School of Medical Sciences RMIT University 
 
Dear Amanda 
ASEHAPP 55-14 BENSON-HUNTER A university-wide survey of employee physical activity and 
exercise habits 
 
Thank you for submitting your amended application for review. 
I am pleased to inform you that the CHEAN has approved your application for a period of 2.2 Years 
from the date of this letter to 27th November 2016 and your research may now proceed. 
 
The CHEAN would like to remind you that: 
All data should be stored on University Network systems. These systems provide high levels of 
manageable security and data integrity, can provide secure remote access, are backed up on a regular 
basis and can provide Disaster Recover processes should a large scale incident occur. The use of 
portable devices such as CDs and memory sticks is valid for archiving; data transport where necessary 
and for some works in progress. 
The authoritative copy of all current data should reside on appropriate network systems; and the 
Principal Investigator is responsible for the retention and storage of the original data pertaining to the 
project for a minimum period of five years. 
 
RMIT University 
Science Engineering and Health 
College Human Ethics Advisory Network (CHEAN) 
Plenty Road Bundoora VIC 3083 
PO Box 71 
Bundoora VIC 3083 Australia 
Tel. +61 3 9925 7096 
Fax +61 3 9925 6506 
www.rmit.edu.au 
Please Note: Annual reports are due on the anniversary of the commencement date for all research 
projects that have been approved by the CHEAN. Ongoing approval is conditional upon the 
submission of annual reports failure to provide an annual report may result in Ethics approval being 
withdrawn. 
Final reports are due within six months of the project expiring or as soon as possible after your 
research project has concluded. 
 
Yours faithfully, 
 
Dr Linda Jones 
Chair, Science Engineering & Health College Human Ethics Advisory Network  
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Study 2: Direct and indirect exercise supervision in the workplace achieves similar 
improvements to health-related physical fitness and exercise participation: an 8-week 
randomised controlled trial.  
 
Human Research Ethics Committee (HREC) Research and Innovation office 
Notice of Approval 
Date:                                           12 February 2013 
Project number:                          04/13 
Project title:                                Workplace exercise for physical and psychological health 
Risk classification:                     More than low risk 
Investigator:                               Amanda Benson 
Approved:                                  From: 12 February 2013   To: 30 June 2016 
Terms of approval: 
1. Responsibilities of investigator 
It is the responsibility of the above investigator to ensure that all other investigators and staff on a 
project are aware of the terms of approval and to ensure that the project is conducted as approved by 
HREC. Approval is only valid whilst investigator holds a position at RMIT University. 
2. Adverse events 
You should notify HREC immediately of any serious or unexpected adverse effects on participants 
or unforeseen events affecting the ethical acceptability of the project. 
3. Plain Language Statement (PLS) 
The PLS and any other material used to recruit and inform participants of the project must include 
the RMIT university logo. The PLS must contain a complaints clause including the above project 
number. 
4. Amendments 
To amend any approved documents or other aspects of the approved project (including changes in 
personnel) requires the submission of a request for amendment form to HREC. Amendments must 
not proceed without approval from HREC. Substantial variations may require a new application. 
5. Annual reports 
Continued approval of this project is dependent on the submission of an annual report. 
6. Final report 
A final report must be provided at the conclusion of the project. HREC must be notified if the 
project is discontinued before the expected date of completion. 
7. Monitoring 
Projects may be subject to an audit or any other form of monitoring by HREC at any time. 
8. Retention and storage of data 
The investigator is responsible for the storage and retention of original data pertaining to a project 
for a minimum period of five years. 
9.   Special conditions of approval 
The project is approved subject on the condition that six monthly reports are submitted to the Human 
Research Ethics Committee. 
 
A/Prof Barbara Polus Chairperson 
RMIT HREC  
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Study 3: Physical activity in university employees following an 8-week workplace exercise 
intervention: 15-month follow-up. 
 
Human Research Ethics Committee (HREC) Research and Innovation office; NH&MRC Code: EC00237 
Notice of Approval of Amendment 
Date:                                          17 September 2014 
Project number:                          04/13 
Project title:                                Workplace exercise for physical and psychological health 
Risk classification:                      More than low risk 
Investigator:                               Amanda Benson 
Expiry:                                        31 December 2012 
 
1. Project amended on 17 September: 
a.   Addition of follow up survey with original participants. 
Terms of approval: 
1. Responsibilities of investigator 
It is the responsibility of the above investigator to ensure that all other investigators and staff on a project are 
aware of the terms of approval and to ensure that the project is conducted as approved by HREC. Approval is 
only valid whilst investigator holds a position at RMIT University. 
2. Adverse events 
You should notify HREC immediately of any serious or unexpected adverse effects on participants or 
unforeseen events affecting the ethical acceptability of the project. 
3. Plain Language Statement (PLS) 
The PLS and any other material used to recruit and inform participants of the project must include the RMIT 
university logo. The PLS must contain a complaints clause including the above project number. 
4. Amendments 
To amend any approved documents or other aspects of the approved project (including changes in personnel) 
requires the submission of a request for amendment form to HREC. Amendments must not proceed without 
approval from HREC. Substantial variations may require a new application. 
5. Annual reports 
Continued approval of this project is dependent on the submission of an annual report. 
6. Final report 
A final report must be provided at the conclusion of the project. HREC must be notified if the project is 
discontinued before the expected date of completion. 
7. Monitoring 
Projects may be subject to an audit or any other form of monitoring by HREC at any time. 
8. Retention and storage of data 
The investigator is responsible for the storage and retention of original data pertaining to a project for a 
minimum period of five years. 
 
A/Prof Barbara Polus Chairperson 
RMIT HREC  
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Study 4: Exercise supervision is important for attendance, health and fitness improvements in 
the workplace: a 16-week randomised controlled trial. 
 
Human Research Ethics Committee (HREC) Research and Innovation office; NH&MRC Code: EC00237 
Notice of Approval 
Date:                                          23 December 2013 
Project number:                         53/13 
Project title:                               Can a workplace exercise intervention increase regular participation, 
fitness and reduce cardiovascular disease risk in university staff? 
Risk classification:                    More than low risk 
Investigator:                               Dr Amanda Benson 
Approved:                                  From: 1 January 2014  To: 31 December 2016 
Terms of approval: 
9. Responsibilities of investigator 
It is the responsibility of the above investigator to ensure that all other investigators and staff on a 
project are aware of the terms of approval and to ensure that the project is conducted as approved by 
HREC. Approval is only valid whilst investigator holds a position at RMIT University. 
10. Amendments 
Approval must be sought from HREC to amend any aspect of a project including approved 
documents. To apply for an amendment use the request for amendment form, which is available on 
the HREC website and submitted to the HREC secretary. Amendments must not be implemented 
without first gaining approval  from HREC. 
11. Adverse events 
You should notify HREC immediately of any serious or unexpected adverse effects on participants 
or unforeseen events affecting the ethical acceptability of the project. 
12. Plain Language Statement (PLS) 
The PLS and any other material used to recruit and inform participants of the project must include 
the RMIT university logo. The PLS must contain a complaints clause including the above project 
number. 
13. Annual reports 
Continued approval of this project is dependent on the submission of an annual report. 
14. Final report 
A final report must be provided at the conclusion of the project. HREC must be notified if the 
project is discontinued before the expected date of completion. 
15. Monitoring 
Projects may be subject to an audit or any other form of monitoring by HREC at any time. 
16. Retention and storage of data 
The investigator is responsible for the storage and retention of original data pertaining to a project 
for a minimum period of five years. 
17. Special conditions of approval 
Please provide a copy of ANZCTR approval when it is available. 
 
A/Prof Barbara Polus Chairperson 
RMIT HREC  
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Study 1: Differences in perceived barriers and facilitators to workplace exercise participation 
of university employees reporting low, moderate and high levels of physical activity. 
Participant Information and Consent Form (PICF) 
 
Investigators: 
Jayden Hunter B.Ed (Honours), Grad.Dip (Exercise Rehab), PhD 
Candidate. Email: jayden.hunter@rmit.edu.au Phone: (03) 9925 7670 
Dr Amanda Benson (PhD) (Senior Supervisor) 
Professor Stephen Bird (PhD) 
Dr Brett Gordon (PhD) 
Associate Professor Noel Lythgo (PhD) 
 
What is the project about? 
The purpose of this study is to gain an understanding of the physical activity and exercise habits, 
and perceived barriers and facilitators to workplace based exercise participation, of RMIT 
university employees across a range of national and international campuses. This information will 
help to inform the optimal delivery mode of a workplace exercise intervention for university staff. 
 
Why have you been approached? 
You have been invited to participate in this study as you are a current RMIT University employee 
based on one of the following campuses: Melbourne city, Brunswick, Bundoora (east or west), 
Point Cook, Hamilton, Hanoi or Ho Chi Minh City. 
 
If I agree to participate, what will I be required to do? 
You will be asked to fill out a web-based survey. We estimate that this will take approximately 10-
15 minutes. Questions will focus on you, for example, have you been regularly physically active for 
the past 6 months? 
 
What are the possible risks or disadvantages? 
It is anticipated that the study will not pose any risk greater than normal day-to-day activities and 
participation is voluntary. If you are unduly concerned about your responses to any of the 
questionnaire items or if you find participation in the project distressing, you should contact Jayden 
Hunter as soon as convenient. Jayden will discuss your concerns with you confidentially and 
suggest appropriate follow-up, if necessary. Feedback regarding the broad findings of the study will 
be made available to you through direct contact with the researchers. 
 
What are the benefits associated with participation? 
There is no direct benefit to you being involved in the project; however you will have the 
opportunity to reflect on your current level of physical activity and provide valuable information 
that will be used in the design of future workplace exercise interventions. 
 
What will happen to the information I provide? 
Only those individuals who consent will be eligible to participate in the study. Because of the nature 
of data collection, we are not obtaining written informed consent from you. Instead, we assume that 
you have given consent by your completion of the web-based survey. All data collected from the 
survey will remain confidential subject to legal limitations, and be stored in locked facilities 
accessed only by the researchers at RMIT University. All data will be destroyed after a minimum of 
7 years. Any information that you provide can be disclosed only if (1) it is to protect you or others 
from harm, (2) a court order is produced, or (3) you provide the researchers with written 
permission. The data collected during the study may be published, and a report of the project 
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outcomes will be provided to participants on request and to RMIT University. Results may be 
disseminated in a number of ways (e.g. journal article, book chapter, press release, paper for 
publication, conference, report or thesis). All participant data will be anonymous and therefore no 
individually identifying data will be published or presented so that no participant will be able to be 
identified through the results. 
 
Security of the data 
This project will use an external site to create, collect and analyse data collected in a survey format. 
The site we are using is Qualtrics. If you agree to participate in this survey, the responses you 
provide to the survey will be stored on a host server that is used by Qualtrics. Once we have 
completed our data collection and analysis, we will import the data we collect to the RMIT server 
where it will be stored securely for five (5) years. The data on the Qualtrics host server will then be 
deleted and expunged. 
 
Security of the website 
Users should be aware that the World Wide Web is an insecure public network that gives rise to the 
potential risk that a user’s transactions are being viewed, intercepted or modified by third parties or 
that data which the user downloads may contain computer viruses or other defects. 
 
Statement of Approval 
This study has received ethical approval from the RMIT Human Research Ethics Committee 
(ASEHAPP 55-14). Please feel free to contact us at any time if you have any questions about this 
project. If you have any concerns about your participation in this project, which you do not wish to 
discuss with the researchers, then you can contact the Ethics Officer, Research Integrity, 
Governance and Systems, RMIT University, GPO Box 2476V VIC 3001. Tel: (03) 9925 2251 or 
email human.ethics@rmit.edu.au  
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RMIT University 
 
GPO Box 71 
Bundoora VIC 3083 
Australia 
Study 2: Direct and indirect exercise supervision in the workplace achieves similar 
improvements to health-related physical fitness and exercise participation: an 8-week 
randomised controlled trial. 
 
 
 
PARTICIPANT INFORMATION AND CONSENT FORM (PICF) 
 
Invitation to Participate in a Research Project: 
Workplace Exercise for Physical and Psychological Health 
 
Plain Language Statement 
 
Investigators: 
Mr. Jayden Hunter Grad. Dip. Ex Rehab; BEd (PE, honours), AEP, PhD Candidate 
Discipline of Exercise Sciences, RMIT University,  Email: jayden.hunter@rmit.edu.au, 9925 7815. 
Dr. Amanda Benson, PhD, AEP 
Project Supervisor, Senior Lecturer: Discipline of Exercise Sciences, RMIT University 
amanda.benson@rmit.edu.au, 9925 7677. 
Dr. Brett Gordon, PhD, AEP 
Project Supervisor, Lecturer: Discipline of Exercise Sciences, RMIT University, 
brett.gordon@rmit.edu.au, 9925 7037. 
Assoc. Prof. Noel Lythgo, PhD 
Project Supervisor, Associate Professor: Discipline of Exercise Sciences, RMIT University, 
noel.lythgo@rmit.edu.au, 9925 5618. 
 
 
 
Dear participant, 
You are invited to participate in a research project being conducted by RMIT University. Please 
read this information sheet carefully and be confident that you understand its contents before 
deciding whether to participate. If you have any questions about the project, please ask one of the 
investigators.  
 
What is the Project about?  
This research is being conducted to investigate the effectiveness of a workplace exercise 
intervention to maintain or improve cardiometabolic disease risk, cognitive function, psychological 
health, physical fitness and health-related quality of life in people working in a University 
environment.  
Currently, it is not known whether a workplace exercise intervention designed in accordance with 
international guidelines (American College of Sports Medicine) achieves these goals in a University 
environment. Reduced physical activity compliance is a major behavioural factor that results in 
poor health and chronic disease. Given that less than one in three academic staff and approximately 
one in four individuals in the general community attain the recommended levels of physical activity 
for the maintenance of health; strategies to increase physical activity levels are vital to assist with 
controlling the burgeoning cost of health care in Australia. 
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Why have you been approached?  
You have been approached to participate in this study because you have been identified as meeting 
our selection criteria. This selection criteria includes males and females who are: 
 A current RMIT staff member 
 Aged 18 – 65 years 
You will be excluded from participating in this study if you have any medical condition that could 
be made worse by exercising. 
 
If I agree to participate, what will I be required to do?  
 You will be asked to complete a 90-minute health screening and fitness test (valued at $115/ 
visit) at the start and end of the program.  
o Anthropometric measures will include height, weight, waist and hip circumference. 
o Fitness measures will include a sub-maximal cycle test, muscle strength test (knee 
flexion/extension on Biodex machine where you will push against a resistance as 
hard as you can), ankle range of motion assessment, walking gait assessment (walk 
on a GAITRite mat), and a balance test (Four Square Step Test).  
o Respiratory function will be assessed using a breathing device (Spirometer) which 
you will blow into.  
o Blood samples will be collected to assess blood lipids (cholesterol), glucose and 
inflammatory markers. Approximately 8 ml of blood will be taken to run our tests. 
The total volume of blood to be drawn for the 8-week pre and post tests will be 
approximately 16ml, which is the equivalent of one table spoon. The blood will be 
analysed at RMIT and/or at a commercial laboratory. 
o You will also be asked to complete a series of questionnaires relating to cognitive 
function, health-related quality of life, physical activity level and self-efficacy. 
 You will then be randomised into one of two groups (supervised or unsupervised) to 
complete a minimum 8-weeks of exercise training.  
 You will receive an individualised exercise program based on your test results, designed by 
an accredited exercise physiologist (AEP) in accordance with international exercise 
guidelines.  
o Participants in the supervised exercise group will receive 1:1 supervision each 
session. 
o Participants in the unsupervised group will not receive any direct supervision but 
have access to the same training facilities and equipment.  
o All participants will then be eligible to continue with 1:1 supervised exercise training 
following the initial 8-weeks, with follow-up health screening and fitness testing 
available at 16 weeks, 6 months, 12 months, 18 months and 24 months. 
 Participants will be required to perform 2 – 5 exercise sessions per week (60mins to 
300mins, participant’s decision) for the exercise period, consisting of a combination of 
aerobic, resistance, balance and flexibility training. Before and after 1-2 of these sessions 
each week, participants will have their blood glucose monitored using a finger prick glucose 
monitor. 
 All testing and training will be conducted at RMIT University, Bundoora campus. 
 Completing only the 8 week exercise intervention will require a total time commitment of 
between 11 hours and 43 hours. If participants choose to continue with the supervised 
exercise sessions post 8 weeks, the ongoing time commitment is between 1 hour and 5 hours 
per week. 
 
What are the possible risks or disadvantages?  
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 Blood sampling – adverse effects of blood taking are minor discomfort associated with the 
needle passing through the skin, and the possibility of minor bruising near the puncture site. 
There is a very slight risk of more severe complications and if these do eventuate please 
inform us immediately and consult your doctor. These risks will be minimised by the use of 
internationally accepted practices for blood sampling and the use of a trained and qualified 
phlebotomist. 
 As with any exercise there is a risk of muscle or joint injury, however this risk will be 
minimised through use of a thorough warm-up and cool-down during each testing and 
training session. Also, training will be prescribed by an accredited exercise physiologist in 
accordance with international exercise guidelines and based on initial testing results. 
 Muscle soreness - most participants would be expected to experience some delayed-onset 
muscle soreness after the testing and exercise sessions. Delayed soreness is a well 
characterised, benign and self-limiting response to unaccustomed physical activity that 
typically begins approximately 8-hours after eccentric exercise; peaks between 24-72 hours 
following exercise and dissipates over the following 24-48 hours. Participants could expect 
to experience a similar response if they began a resistance training program at home or at a 
gym. 
 Potentially harmful cardiovascular responses such as syncope (fainting), myocardial 
infarction (heart attack) and hypoglycaemia (low blood sugar) can occur with exercise. With 
all exercise there is a potential risk of cardiovascular complications however these risks will 
be minimised by prior screening as per the guidelines of the American College of Sports 
Medicine (ACSM), where people with evidence of unstable coronary heart disease, 
uncontrolled hypertension  or diabetes will be excluded from the study until these are stable.  
Therefore it is important that you complete the medical screening questions at the start of 
the program as accurately as you can. 
 The rates of complications during exercise testing in the general population have been 
reported to be 0.11 myocardial infarctions and 0.02 fatal myocardial infarctions per 10,000 
tests, and almost 90% of patients with complications had suspected or proven heart disease 
(Wendt, 1984). Therefore the risk of a complication occurring during exercise in our study 
population is extremely low.  Wendt, T.H., Scherer, D., & Kaltenbach, M. (1984). Life-
threatening complications in 1,741,106 ergometries. Dtsch Med Wochenschr, 109: 123-127. 
 
What are the benefits associated with participation?  
 You will receive free health screening and fitness testing at the start and end of the program 
(8-weeks) (valued at $230). And additional testing at 16 weeks,  6 months, 12 months, 18 
months and 24 months if you choose to continue  with the program (valued at $460) 
 You will receive an 8-week individually tailored exercise program written and overseen by 
an accredited exercise physiologist (valued at $300). 
 1:1 supervised exercise training for 8-weeks with your choice of 2 sessions (valued at 
$1200) to 5 sessions (valued at $3000) per week. You will also have the opportunity to 
choose to continue with 1:1 supervised training if you would like after the completion of the 
initial 8-weeks. 
 We cannot guarantee that you will get any benefit from participating in this study, however 
you may improve your physical fitness, cardiometabolic disease risk, cognitive function and 
psychological health. 
 
What will happen to the information I provide?  
All information that you provide will be treated as confidential with only the researchers involved 
in this study having access to identifiable information. This information will be stored in locked 
filing cabinets in the researcher’s office at RMIT University or on computers with files requiring 
 262 
 
passwords to view information. Your anonymity is assured with any data being grouped and 
described as average and standard deviation or range. The results from the study may be presented 
in a student report, journal article for publication or at a relevant conference. A plain language 
report of the project outcomes will be available to you in the form of a short report. This report will 
be distributed to you via email. 
Any information that you provide can be disclosed only if (1) it is to protect you or others from 
harm, (2) a court order is produced, or (3) you provide the researchers with written permission. 
All research data will be kept securely at RMIT for a period of a least seven (7) years, before being 
destroyed by securely shredding all documents. If you wish to gain access to your individual data 
contact the project supervisor and it will be provided to you. 
 
Photos and Videos 
 Video and photographic images of participant’s whilst completing testing and training may 
be taken during testing sessions. These images may be used for conference presentations 
and journal publications. Not all participants will be photographed or videoed, and not all 
photos or video taken will be used. If you agree to participate in the study, you do not have 
to agree to be photographed or videoed. Any future publication of any images taken will not 
allow identification of the participant from whom they are obtained unless they have granted 
this permission on the informed consent form provided. You have the option of agreeing to 
the use of your image(s) and having the image blacked out to protect your identity. 
 
What are my rights as a participant?  
As a participant in this study your rights will be fully adhered to and include: 
 The right to withdraw from participation at any time 
 The right to request that any recording cease  
 The right to have any unprocessed data withdrawn and destroyed, provided it can be reliably 
identified, and provided that so doing does not increase the risk for the participant.  
 The right to have any questions answered at any time.  
 
Whom should I contact if I have any questions?  
If you have any questions about this study or would like more information about it you can contact 
the project investigator, Jayden Hunter on 9925-7815 or jayden.hunter@rmit.edu.au; or Dr Brett 
Gordon on 9925-7037 or brett.gordon@rmit.edu.au or any of the other investigators lisited. 
 
What other issues should I be aware of before deciding whether to participate?  
This study involves the use of invasive procedures – insertion of a needle and drawing of blood 
which can be painful or produce a feeling of discomfort. This study also involves strenuous 
exercise, which may result in delayed onset muscle soreness for up to 72 hours following an 
exercise session. Please consider the time commitment of 2-5 days (participant’s choice) of training 
to prior to making a commitment to undertake this project. 
This project has been approved by the RMIT Human Research Ethics Committee.  
 
Yours sincerely, 
 
Mr Jayden Hunter, BEd(PE, honours) 
PhD Candidate, RMIT University 
Accredited Exercise Physiologist 
 
Dr Amanda Benson, PhD 
Senior Lecturer, RMIT University 
Accredited Exercise Physiologist 
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Dr Brett Gordon, PhD 
Lecturer, RMIT University 
Accredited Exercise Physiologist 
 
Associate Professor Noel Lythgo, PhD 
Associate Professor, RMIT University 
 
 
Statement of Approval 
This study has received ethical approval from the RMIT Human Research Ethics Committee 
(Ethics No.). Please feel free to contact us at any time if you have any questions about this 
project. 
Any complaints about your participation in this project may be directed to the Secretary, RMIT 
Human Research Ethics Committee, University Secretariat, RMIT, GPO Box 2476V, 
Melbourne, 3001. Details of the complaints procedure are available at 
http://www.rmit.edu.au/rd/hrec_complaints 
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Prescribed Consent Form For Persons Participating In Research Projects Involving Tests, 
Medical Procedures and Recording of Personal Images of Participants. 
Portfolio: Science, Engineering & Health 
School of: Medical Sciences 
Name of participant:         
Project title: Workplace Exercise for Physical and Psychological Health 
Name(s) of investigators: (1) Mr. Jayden Hunter  Phone 9925 7815 
    (2) Dr. Amanda Benson  Phone 9925 7677 
    (3) Dr. Brett Gordon  Phone 9925 7037 
    (4) Assoc. Prof Noel Lythgo Phone 9925 5618 
 
1. I have received a statement explaining the tests/procedures involved in this project. 
2. I consent to participate in the above project, the particulars of which - including details of tests and 
procedures have been explained to me verbally and in the written project description. 
3. I have received a written and verbal statement of the researchers’ desire to take photographs. These 
images may be published in a report/thesis/project to RMIT University or conferences or other 
scientific publications. Please note that if you agree to your image being recorded then you image 
may be available on the internet as part of publications or conference presentations. Any used or 
unused personal images from this project will be destroyed upon completion of the project, 
including electronic images, which shall be deleted. 
4. I authorise: (select one) 
□ To have my image taken but any identifying features must be disguised (i.e. image blacked out to 
protect my identity). 
OR… 
□ To have my image taken and be published or presented without any attempt made to disguise my 
identity. 
OR… 
□ I DO NOT authorise the recording of my image.  
5. Unless otherwise agreed copyright for a resultant image will remain with the main investigator in 
this project. 
6. I acknowledge that: 
a. The possible effects of the tests or procedures have been explained to me to my satisfaction. 
b. I have been informed that I am free to withdraw from the project at any time and to withdraw any 
unprocessed data and images of me that have been previously supplied prior to any publication of 
the report previously supplied. 
c. The project is for the purpose of research and/or teaching.  It may not be of direct benefit to me. 
d. The privacy of the personal information I provide will be safeguarded and only disclosed where I 
have consented to the disclosure or as required by law.  
e. The security of the research data is assured during and after completion of the study.  The data 
collected during the study may be published, and a report of the project outcomes will be provided 
to me if I wish. Any information which will identify me will not be used unless permission has been 
granted below. 
 
Participant’s Consent 
 
Participant:  Date:  
(Signature) 
 
Witness: 
Witness:  Date:  
(Signature) 
 265 
 
 
Study 3: Physical activity in university employees following an 8-week workplace exercise 
intervention: 15-month follow-up. 
 
Participant Information and Consent Form (PICF) 
 
Investigators: 
Jayden Hunter B.Ed (Honours), Grad.Dip (Exercise Rehab), PhD 
Candidate. Email: jayden.hunter@rmit.edu.au Phone: (03) 9925 7670 
Dr Amanda Benson (PhD) (Senior Supervisor)  
Professor Stephen Bird (PhD) 
Dr Brett Gordon (PhD) 
Associate Professor Noel Lythgo (PhD) 
 
What is the project about? 
The purpose of this survey is to investigate the maintenance of regular exercise in university staff, 
which will provide information on the effect of the intervention to influence ongoing exercise 
behaviour. 
 
Why have you been approached? 
You have been invited to participate in this study as you were a participant in the 2013 ‘Workplace 
Exercise for Physical and Psychological Health’ intervention, Discipline of Exercise Sciences. 
 
If I agree to participate, what will I be required to do? 
You will be asked to fill out a web-based follow-up survey. We estimate that this will take 
approximately 10 minutes. Questions will focus on you, for example, what level of exercise 
supervision do you prefer? 
 
What are the possible risks or disadvantages? 
It is anticipated that the study will not pose any risk greater than normal day-to-day activities and 
participation is voluntary. If you are unduly concerned about your responses to any of the 
questionnaire items or if you find participation in the project distressing, you should contact Jayden 
Hunter as soon as convenient. Jayden will discuss your concerns with you confidentially and 
suggest appropriate follow-up, if necessary. Feedback regarding the broad findings of the study will 
be made available to you through direct contact with the researchers. 
 
What are the benefits associated with participation? 
There is no direct benefit to you being involved in the project; however you will have the 
opportunity to reflect on your current level of physical activity and provide valuable information 
that will be used in the design of future workplace exercise interventions. 
 
What will happen to the information I provide? 
Only those individuals who consent will be eligible to participate in the study. Because of the nature 
of data collection, we are not obtaining written informed consent from you. Instead, we assume that 
you have given consent by your completion of the web-based survey. 
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All data collected from the survey will remain confidential subject to legal limitations, and be 
stored in locked facilities accessed only by the researchers at RMIT University. All data will be 
destroyed after a minimum of 5 years. Any information that you provide can be disclosed only if (1) 
it is to protect you or others from harm, (2) a court order is produced, or (3) you provide the 
researchers with written permission. The data collected during the study may be published, and a 
report of the project outcomes will be provided to participants on request and to RMIT University. 
Results may be disseminated in a number of ways (e.g. journal article, book chapter, press release, 
paper for publication, conference, report or thesis). All participant data will be anonymous and 
therefore no individually identifying data will be published or presented so that no participant will 
be able to be identified through the results. 
 
Security of the data 
This project will use an external site to create, collect and analyse data collected in a survey format. 
The site we are using is Qualtrics. If you agree to participate in this survey, the responses you 
provide to the survey will be stored on a host server that is used by Qualtrics. Once we have 
completed our data collection and analysis, we will import the data we collect to the RMIT server 
where it will be stored securely for five (5) years. The data on the Qualtrics host server will then be 
deleted and expunged. 
 
Security of the website 
Users should be aware that the World Wide Web is an insecure public network that gives rise to the 
potential risk that a user’s transactions are being viewed, intercepted or modified by third parties or 
that data which the user downloads may contain computer viruses or other defects. 
 
Statement of Approval 
This study has received ethical approval from the RMIT Human Research Ethics Committee 
(04/13). Please feel free to contact us at any time if you have any questions about this project. 
 
If you have any concerns about your participation in this project, which you do not wish to discuss 
with the researchers, then you can contact the Ethics Officer, Research Integrity, Governance and 
Systems, RMIT University, GPO Box 2476V VIC 3001. Tel: (03) 9925 2251 or 
email human.ethics@rmit.edu.au  
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Study 4: Exercise supervision is important for attendance, health and fitness improvements in 
the workplace: a 16-week randomised controlled trial. 
 
 
 
PARTICIPANT INFORMATION AND CONSENT FORM (PICF) 
 
Invitation to Participate in a Research Project: 
Can a workplace exercise intervention increase regular exercise participation, fitness and 
reduce cardiovascular disease risk in university staff? 
 
Plain Language Statement 
 
Investigators: 
Mr. Jayden Hunter Grad. Dip. Ex Rehab; BEd (PE, honours), AEP, PhD Candidate 
Discipline of Exercise Sciences, RMIT University,  Email: jayden.hunter@rmit.edu.au, 9925 7815. 
Dr. Amanda Benson, PhD, AEP 
Project Supervisor, Senior Lecturer: Discipline of Exercise Sciences, RMIT University 
amanda.benson@rmit.edu.au, 9925 7677. 
Dr. Brett Gordon, PhD, AEP 
Project Supervisor, Adjunct Principal Research Fellow, brett.gordon@rmit.edu.au, 9925 7037; 
Senior Lecturer: La Trobe University. 
Assoc. Prof. Noel Lythgo, PhD 
Project Supervisor, Associate Professor: Discipline of Exercise Sciences, RMIT University, 
noel.lythgo@rmit.edu.au, 9925 5618. 
 
 
 
Dear participant, 
You are invited to participate in a research project being conducted by RMIT University. Please 
read this information sheet carefully and be confident that you understand its contents before 
deciding whether to participate. If you have any questions about the project, please ask one of the 
investigators.  
 
What is the Project about?  
This research is being conducted to investigate the effectiveness of a 16-week workplace exercise 
intervention to maintain or improve exercise levels, cardiovascular disease risk, physical fitness, 
physical activity self-efficacy and health-related quality of life in people working in a University 
environment.  
Currently, it is unknown whether a workplace exercise intervention designed in accordance with 
international guidelines (American College of Sports Medicine) achieves these goals in a University 
environment. Reduced exercise and physical activity compliance is a major behavioural factor that 
results in poor health and chronic disease. Given that less than one in three academic staff and 
approximately one in four individuals in the general community attain the recommended levels of 
physical activity for the maintenance of health; strategies to increase exercise and physical activity 
levels are vital to assist with controlling the burgeoning cost of health care in Australia. 
 
Why have you been approached?  
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You have been approached to participate in this study because you have been identified as meeting 
our selection criteria. This selection criteria includes males and females who are: 
 A current RMIT staff member 
 Aged 18 – 65 years 
You will be excluded from participating in this study if you have any medical condition that could 
be made worse by exercising. 
If I agree to participate, what will I be required to do?  
 You will be asked to complete a 90-minute health screening and fitness test (valued at $115/ 
visit) at the start, middle (8 weeks) and end (16 weeks) of the program.  
o Anthropometric measures will include height, weight, waist and hip 
circumference. 
o Body composition will be measured using a Dual-energy X-ray Absorptiometry 
(DXA) scan. 
o Fitness measures will include a maximal cycle test with assessment of your heart 
function (ECG). This test requires you to pedal on a stationary cycle ergometer, 
whereby the intensity is increased every 150 seconds until you can no longer 
continue. You will breathe into a mouthpiece connected via tube to a computer 
which analyses your expired air for oxygen and carbon dioxide concentrations. You 
will simultaneously wear a twelve-lead ECG, 2-lead ECG and a heart rate strap. 
Muscle strength testing will be conducted (bench press and leg press exercises) 
where you will lift as much weight as you can. 
o Blood samples will be collected to assess blood lipids (cholesterol), glucose and 
inflammatory markers. Approximately 8 ml of blood will be taken to run our tests. 
The total volume of blood to be drawn for the 16 week study will be approximately 
24ml, which is the equivalent of 1.5 tablespoons. The blood will be analysed at 
RMIT and/or at a commercial laboratory. 
o You will also be asked to complete a series of questionnaires relating to health-
related quality of life, physical activity level and self-efficacy. 
 You will then be randomised into one of three groups (1:1 exercise supervision; typical gym 
supervision; no exercise supervision) to complete the 16 weeks of exercise training.  
 You will receive an individualised exercise program based on your test results, designed by 
an accredited exercise physiologist (AEP) in accordance with international exercise 
guidelines.  
o Participants in the 1:1 exercise supervision group will have free access to training 
facilities and equipment and will receive 1:1 supervision from a gym instructor each 
session. 
o Participants in the typical gym supervision group will have free access to training 
facilities and equipment and will receive typical supervision from a gym instructor 
each session (i.e. usually a ratio of approximately 1:5). 
o Participants in the no exercise supervision group will not have free access to 
training facilities or equipment and will only receive an individualised exercise 
program, to be completed elsewhere. 
o You will be invited to attend follow-up health screening and fitness testing at 26 and 
52 weeks post intervention commencement. 
 You will be required to perform 2 – 5 exercise sessions per week (120mins to 300mins, 
participant’s decision) for the exercise period, consisting of a combination of aerobic, 
resistance, balance and flexibility training. Before and after one exercise session each week, 
you will have your blood glucose monitored using a finger prick glucose monitor. 
 Completing the 16-week exercise intervention will require a total time commitment of 
between 21 hours and 85 hours, depending on how many times per week you choose to 
perform the exercise training (2-5 sessions per week). 
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 At the end of the 16-week intervention you will have the opportunity to change groups if 
you would like and continue training for an additional 16 weeks. 
 
What are the possible risks or disadvantages?  
 Blood sampling – adverse effects of blood taking are minor discomfort associated with the 
needle passing through the skin, and the possibility of minor bruising near the puncture site. 
There is a very slight risk of more severe complications and if these do eventuate please 
inform us immediately and consult your doctor. These risks will be minimised by the use of 
internationally accepted practices for blood sampling and the use of a trained and qualified 
phlebotomist. Blood serum samples will be frozen, stored and disposed of in accordance 
with RMIT policy. Specifically, blood serum samples will be stored at -80°c in Module C, 
Building 223, RMIT University until analysis. Following analysis, samples will be disposed 
of as bio-hazardous waste in appropriately labeled containers. 
 As with any exercise there is a risk of muscle or joint injury, however this risk will be 
minimised through the use of a thorough warm-up and cool-down during each testing and 
training session. Also, training will be prescribed by an accredited exercise physiologist in 
accordance with international exercise guidelines and based on initial testing results. 
 Muscle soreness - most participants would be expected to experience some delayed-onset 
muscle soreness after the testing and exercise sessions. Delayed soreness is a well 
characterised, benign and self-limiting response to unaccustomed exercise that typically 
begins approximately 8-hours after eccentric exercise; peaks between 24-72 hours following 
exercise and dissipates over the following 24-48 hours. Participants could expect to 
experience a similar response if they began a resistance training program at home or at a 
gym. 
 Potentially harmful cardiovascular responses such as fainting, heart attack and low blood 
sugar can occur with exercise. With all exercise there is a potential risk of cardiovascular 
complications; however these risks will be minimised by prior screening as per the 
guidelines of the American College of Sports Medicine (ACSM), where people with 
evidence of unstable coronary heart disease, uncontrolled hypertension or diabetes will be 
excluded from the study until these are stable.  Therefore it is important that you complete 
the medical screening questions at the start of the program as accurately as you can. 
 The rates of complications during exercise testing in the general population have been 
reported to be 0.11 myocardial infarctions and 0.02 fatal myocardial infarctions per 10,000 
tests, and almost 90% of patients with complications had suspected or proven heart disease 
(Wendt, 1984). Therefore the risk of a complication occurring during exercise in our study 
population is extremely low.  Wendt, T.H., Scherer, D., & Kaltenbach, M. (1984). Life-
threatening complications in 1,741,106 ergometries. Dtsch Med Wochenschr, 109: 123-127. 
 A whole-body DXA scan to measure total body mass, fat mass and lean mass will be 
performed. While DXA does expose subjects to radiation (0.5µSv per one whole body DXA 
scan), it is at very low levels, 10 times less than exposure during a 7 h aeroplane flight 
(~50µSv) and much less than the typical radiation exposure with conventional x-rays (25-
60µSv). Therefore, the cumulative radiation of 3 scans included in the current study fails to 
induce a radiation exposure equivalent to either an x-ray or prolonged air travel. 
 
What are the benefits associated with participation?  
 You will receive free health screening and fitness testing at the start, middle (8 weeks) and 
end (16 weeks) of the program (valued at $345); and additional testing at 26 and 52 weeks 
(valued at $230). 
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 You will receive a 16-week individually tailored exercise program written and overseen by 
an accredited exercise physiologist (valued at $600). 
 1:1 supervised exercise training for 16 weeks with your choice of 2 sessions (valued at 
$2400) to 5 sessions (valued at $6000) per week. 
 We cannot guarantee that participants will get any benefit from participating in this study, 
however may improve their physical fitness, cardiovascular disease risk, and psychological 
health and health-related quality of life. 
 
What will happen to the information I provide?  
All information that you provide will be treated as confidential with only the researchers involved 
in this study having access to identifiable information. This information will be stored in locked 
filing cabinets in the researcher’s office at RMIT University or on computers with files requiring 
passwords to view information. Your anonymity is assured with any data being grouped and 
described as average and standard deviation or range. The results from the study may be presented 
in a student report, journal article for publication or at a relevant conference. A plain language 
report of the project outcomes will be available to you in the form of a short report. This report will 
be distributed to you via email. 
Any information that you provide can be disclosed only if (1) it is to protect you or others from 
harm, (2) a court order is produced, or (3) you provide the researchers with written permission. 
All research data will be kept securely at RMIT for a period of a least seven (7) years, before being 
destroyed by securely shredding all documents. If you wish to gain access to your individual data 
contact the project supervisor and it will be provided to you. 
 
Photos and Videos 
 Video and photographic images of participant’s whilst completing testing and training may 
be taken during testing sessions. These images may be used for conference presentations 
and journal publications. Not all participants will be photographed or videoed, and not all 
photos or video taken will be used. If you agree to participate in the study, you do not have 
to agree to be photographed or videoed. Any future publication of any images taken will not 
allow identification of the participant from whom they are obtained unless they have granted 
this permission on the informed consent form provided. You have the option of agreeing to 
the use of your image(s) and having the image blacked out to protect your identity. 
 
 
What are my rights as a participant?  
As a participant in this study your rights will be fully adhered to and include: 
 The right to withdraw from participation at any time 
 The right to request that any recording cease  
 The right to have any unprocessed data withdrawn and destroyed, provided it can be reliably 
identified, and provided that so doing does not increase the risk for the participant.  
 The right to have any questions answered at any time.  
 
Whom should I contact if I have any questions?  
If you have any questions about this study or would like more information about it you can contact 
the project investigator, Jayden Hunter on 9925-7815 or jayden.hunter@rmit.edu.au; or Dr Amanda 
Benson on 9925-7677 or amanda.benson@rmit.edu.au; or any of the other investigators listed. 
 
What other issues should I be aware of before deciding whether to participate?  
This study involves the use of invasive procedures – insertion of a needle and drawing of blood 
which can be painful or produce a feeling of discomfort. This study also involves strenuous 
exercise, which may result in delayed onset muscle soreness for up to 72 hours following an 
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exercise session. Please consider the time commitment of 2-5 days (participant’s choice) of training 
to prior to making a commitment to undertake this project. 
This project has been approved by the RMIT Human Research Ethics Committee.  
Yours sincerely, 
 
Mr Jayden Hunter, BEd(PE, honours) 
PhD Candidate, RMIT University 
Accredited Exercise Physiologist (ESSA) 
 
Dr Amanda Benson, PhD 
Senior Lecturer, RMIT University 
Accredited Exercise Physiologist (ESSA) 
 
Dr Brett Gordon, PhD 
Senior Lecturer, La Trobe University 
Accredited Exercise Physiologist (ESSA) 
 
Associate Professor Noel Lythgo, PhD 
Associate Professor, RMIT University 
 
 
If you have any complaints about your participation in this project please see the complaints 
procedure at http://www.rmit.edu.au/research/human-research-ethics   
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Prescribed Consent Form For Persons Participating In Research Projects Involving Tests, 
Medical Procedures and Recording of Personal Images of Participants. 
Portfolio: Science, Engineering & Health 
School of: Medical Sciences 
Name of participant:         
Project title: Can a workplace exercise intervention increase regular exercise participation, 
fitness and reduce cardiovascular disease risk in university staff? 
Name(s) of investigators: (1) Mr. Jayden Hunter  Phone 9925 7815 
    (2) Dr. Amanda Benson  Phone 9925 7677 
    (3) Dr. Brett Gordon  Phone 9925 7037 
    (4) Assoc. Prof Noel Lythgo Phone 9925 5618 
 
1. I have received a statement explaining the tests/procedures involved in this project. 
2. I consent to participate in the above project, the particulars of which - including details of tests and 
procedures have been explained to me verbally and in the written project description. 
3. I have received a written and verbal statement of the researchers’ desire to take photographs. These 
images may be published in a report/thesis/project to RMIT University or conferences or other 
scientific publications. Please note that if you agree to your image being recorded then you image 
may be available on the internet as part of publications or conference presentations. Any used or 
unused personal images from this project will be destroyed upon completion of the project, 
including electronic images, which shall be deleted. 
4. I authorise: (select one) 
□ To have my image taken but any identifying features must be disguised (i.e. image blacked out to 
protect my identity). 
OR… 
□ To have my image taken and be published or presented without any attempt made to disguise my 
identity. 
OR… 
□ I DO NOT authorise the recording of my image.  
5. Unless otherwise agreed copyright for a resultant image will remain with the main investigator in 
this project. 
6. I acknowledge that: 
d. The possible effects of the tests or procedures have been explained to me to my satisfaction. 
e. I have been informed that I am free to withdraw from the project at any time and to withdraw any 
unprocessed data and images of me that have been previously supplied prior to any publication of 
the report previously supplied. 
f. The project is for the purpose of research and/or teaching.  It may not be of direct benefit to me. 
d. The privacy of the personal information I provide will be safeguarded and only disclosed where I 
have consented to the disclosure or as required by law.  
e. The security of the research data is assured during and after completion of the study.  The data 
collected during the study may be published, and a report of the project outcomes will be provided 
to me if I wish. Any information which will identify me will not be used unless permission has been 
granted below. 
 
Participant’s Consent 
Participant:  Date:  
(Signature) 
Witness: 
Witness:  Date:  
(Signature) 
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Appendix E: Exercise and Sports Science 
Australia Adult Pre-Exercise Screening Tool 
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Exercise and Sports Science Australia (ESSA). Adult pre-exercise screening tool. Retrieved 30th 
November 2012 from: https://www.essa.org.au/wp-content/uploads/2011/09/Screen-tool-version-
v1.1.pdf 
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Appendix F: Systematic Review Search 
Strategy 
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A systematic search of the literature was conducted using CINAHL (1981-2015), EMBASE (1974-
2015), AMED (1985-2015), Scopus (1960-2015) and SPORTDiscus (1985-2015) databases. The 
Cochrane central register of controlled trials (CENTRAL) was not included in the literature search as 
the majority of records are derived from EMBASE (which was included) and from MEDLINE. The 
Scopus and EMBASE databases (both were included) provide 100% coverage of MEDLINE. First, 
three keyword categorical searches were conducted: (i) ‘exercise’, or ‘physical activity’, or ‘aerobic 
training’, or ‘resistance training’, or ‘circuit training’; which yielded 1,278,586 studies; (ii) 
‘workplace’, or ‘worksite’, or ‘employee’; which yielded 294,056 studies;  (iii) ‘intervention’; which 
yielded 1,779,507 studies. Second, categories i to iii were combined using ‘and’, and studies were 
limited to ‘human’ and ‘English’ to obtain a total of 2,060 studies. An additional 16 studies were 
identified through reference list searches and database alerts following the initial search. Third, 
duplicates were removed leaving 1,326 studies to be considered from inclusion. Fourth, 1,246 studies 
were excluded at the title/abstract level, leaving 80 full journal articles to be assessed. Of the 80 full 
journal articles, 41 met the inclusion criteria for review (Chapter 2.3.2 Study inclusion and exclusion 
criteria). Reasons for exclusion (n = 39) included: a) not workplace exercise interventions (n = 17); 
b) did not involve or did not specify the details of exercise prescription (n = 6); c) were reviews, 
conference proceedings, proposed studies or theses (n = 2); d) were population-based e.g. large-scale 
pedometer studies (n = 4); d) did not assess physical activity participation or a component of physical 
fitness (n = 10). Each study was then assessed individually for risk of bias (Chapter 2.3.3) and an 
overall assessment of the quality of evidence for each outcome was made (Chapter 2.3.4). 
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Figure 2.1: Selection of workplace exercise interventions for review. 
 
  
Records excluded at the abstract at 
the title/abstract level 
(n = 1246) 
Full-text articles assessed for 
eligibility 
(n = 80) 
Records identified through database searching 
(n = 2060) 
Additional records identified from other 
sources (n = 16) 
Records after duplicates removed 
(n = 1326) 
Records assessed for eligibility 
(n = 1326) 
Full-text articles excluded, with reasons: (n = 39): 
 Not workplace exercise interventions (n = 
17) 
 Did not involve or did not specify the details 
of exercise prescription (n = 6) 
 Reviews, conference proceedings, 
proposed studies or theses (n = 2) 
 Were population-based e.g. large-scale 
pedometer studies (n = 4) 
 Did not assess physical activity participation 
or a component of physical fitness (n = 10) 
Studies included in qualitative 
synthesis 
(n = 41) 
Studies included in quantitative 
synthesis (meta-analysis) 
(n = 19) 
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Appendix G: International Physical Activity 
Questionnaire 
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International Physical Activity Questionnaire Group. (2014). International physical activity 
questionnaire. Retrieved 30th November 2012 from https://sites.google.com/site/theipaq/
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Appendix H: Corporate Exercise Barrier Scale 
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Schwetschenau, H. M., O'Brien, W. H., Cunningham, C. J. L., & Jex, S. M. (2008). Barriers to 
physical activity in an on-site corporate fitness center. Journal of Occupational Health Psychology, 
13(4), 371-380. 
 
